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The dual-mode transponder detailed circui t  designs w e r e  well 
under  way at the close of the reporting per iod,  with fabrication of s e v e r a l  
of the units completed and  testing in  process .  

The traveling-wave tube was  a s sembled  to the package s tage.  
Data obtained f r o m  tube No. 384H-7 while in the prepackaged s tage showed 
optimum per formance  at 4. 0 kmc  with m o r e  than 2 . 5  watts of power out.  
This tube exhibited excellent collector depression and the beam efficiency 
exceeded 37 percent  a t  the above power level .  

Proposa ls  f r o m  seven potential subcontractors  for  the hot gas  
s y s t e m  a r e  under  evaluation. The competence demonst ra ted  by the proposals  
is general ly  high and the proposed sys t ems  confirm that the Syncom I1 requi re  
men t s  are  within the s t a t e  of the art  i n  the hot gas industry.  
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1. INTRODUCTION 

Under NASA Goddard Space Flight Center  Contract NAS-5-2797,  
Hughes Ai rc ra f t  Company is  conducting feasibil i ty studies and advanced 
technological development for a n  advanced, s ta t ionary.  active r e p e a t e r ,  
communication satell i te.  

An  Initial P ro jec t  Development P lan ,  submitted to Goddard on 15 
August 1962, repor ted  the init ial  sys tem feasibil i ty studies and delineated 
technical approaches ,  the adminis t ra t ive plan,  manpower requi rements ,  
schedule,  and funding considerat ions appropriate  for  accomplishing the 
NA SA c ont r a c t ob j e c tiv e s . 

These monthly technical l e t t e r  r epor t s  p re sen t  the technical p r o g r e s s  
made  during the report ing period, the c r i t i ca l  p roblems o r  delays encoun- 
te red ,  and the plans for  the forthcoming report ing period. 

Separa te  r e p o r t s  of schedule s ta tus  a r e  provided through biweekly 
PERT r e p o r t s .  
s ta tus .  

Monthly financial  management r epor t s  provide the funding 

1- 1 



2. SYSTEM DESIGN S T U D Y  

SPACECRAFT DYNAMICS 

Studies a r e  under way to optimize the dynamic tradeoffs between the 
capability of the sp in- ra te  control  mechanism,  the permiss ib le  to le rances  
on hot gas  j e t  and apogee motor  th rus t  vector  misal ignments .  and the con- 
tr ibutions by the var ious subsys tems to spacecraf t  dynamic unbalance. 
expected that these s tudies  will  permi t  the init ial  specifications for  the 
apogee moto r  physical  to le rances  to be relaxed. 

It  i s  

LAUNCH AND ORBIT CONSIDERATIONS 

The Lockheed Miss i les  and Space Company (LMSC)  has  completed a 
final r epor t  (30 September 1962) of their studies for  launching Syncom I1 
using the Atlas-Agena D. When this report  i s  re leased  for  distribution, 
appropr ia te  portions of Section 5 of the Initial P ro jec t  Development P lan ,  
Advanced Syncom, will  be revised to  reflect  the LMSC study resu l t s .  
sect ions requiring updating include the a s c e n t  t ra jec tory ,  t r ans fe r  orb i t ,  
guidance e r r o r  e s t ima tes ,  and Table 5 - 3 ,  orbi t  dispers ions.  

The 

U S E  O F  POLARIS REFERENCE FOR ATTITUDE CONTROL 

A pre l iminary  examination was made to determine the feasibil i ty of 
using a photodetector and a nonmechanical scanning sys t em,  proposed by the 
Ecl ipse-  P ioneer  Division, Bendix Corporation, as a body-mounted de tec tor  
of the s t a r  Polar i s .  
at t i tude re ference  for Syncom. 

The P o l a r i s  t racker  would provide a m o r e  p rec i se  

The brief s tudies ,  detailed i n  Appendix A: show that i t  is  feasible  to 
adapt  the Bendix photodetector with reasonably s ized optics,  for  use  in  
Syncom 11 to locate P o l a r i s  and that attitude e r r o r  may  be de te rmined  by 
te lemeter ing  the video content of the s t a r  field fo r  ground-based compar ison  
with ephemer ides  of Po la r i s  and local  sun. 
t radeoffs  between inc reased  complexity and sys t em improvement ,  would be 
r equ i r ed  before a decis ion could be made. 

System studies ,  including the 



S Y  S TE M RE LIABILITY 

Design Analyses 

A prel iminary design analysis  of the phased -a r r ay  antenna subsys tem 
and control  sys tem f i r e  angle generator  has  been per formed and a rel iabi l i ty  
block diagram fo r  the p re sen t  concept developed (F igu re  2-1). 
though not complete,  has  included a compilation of p a r t s  count information 
for  each  c i rcu i t  and a n  investigation of c i r cu i t  redundancy, derat ing,  duty 
f ac to r ,  and fa i lure  mode charac te r i s t ics .  A reliabil i ty es t imate  for  one 
quadrant of this subsystem would be of l i t t le  value and would yield a p e s s i -  
mi s t i c  survivalprobabi l i tyif  only the p a r t s  count data were  considered;  1. e .  , if 
all components w e r e  required to  operate  f o r  sys t em success  (a s e r i e s  event) 
with a 100-percent duty cycle.  
indicative only of the relat ive complexity of this subsys tem,  > 3700 p a r t s  per  
quadrant with a n  average  fa i lure  r a t e  equal  to 0. 012 percent  per  1000 hours .  
The re fo re ,  a re l iabi l i ty  es t imate  for  the control  that accura te ly  r ep resen t s  
the logic must a l s o  accommodate  those functions within the subsys tem that 
have a low duty cycle ,  pa r t i a l  redundancy, o r  upon fa i lure  r e su l t  only i n  a 
degradation i n  performance.  A prediction of mis s ion  auccess  will  be p r e -  
sented when these conditions a r e  delineated i n  sufficient de ta i l  to make  a 
representat ive analysis .  

This ana lys i s ,  

Such a n  es t imate  would be invalid and 

As Figure 2-1, shows, the antenna phase control  e lec t ronics  a r e  
divided into two p r i m a r y  c i r cu i t  functions: 
genera te  the antenna phase re ference  s igna l s ,  and the analog dr ive  c i r c u i t s ,  
which receive the phase re ference  s ignals  and convert  them to analog f o r m  
to provide excitation for  the f e r r i t e  phase sh i f t e r s  to control  the direct ion of 
the phased -a r r ay  antenna beam.  
consis t  of approximately 2100 and 1500 electronic  components respect ively.  

the digi ta l  control  c i r cu i t s ,  which 

The digi ta l  control  and analog d r i v e  c i r c u i t s  

The digital control  c i r cu i t s  for  each  quadrant  include a c i r cu i t  to 
synchronize the sys t em with the spacecraf t  s p i n r a t e ,  a f i r e  angle g e n e r a t o r ,  
a var iable  phase control to pe rmi t  adjustment  of beam center  location, and a 
s ine wave generator  subassembly.  The synchronizing loop incorpora tes  a 
coa r se  slew adjustment  for  spacecraf t  spin speed cor rec t ion  that opera tes  
fo r  a maximum of 2 minutes  upon ini t ia l  injection into o rb i t ;  a f t e r  this 
maneuver  i t  will  operate  whenever a l a r g e  spin speed cor rec t ion  is  made  o r  
a l t e rna te  control electronic quadrants  a re  selected.  
will  only slightly degrade per formance  unless  a catastrophic  fa i lure  causes  
a continuous slew. 
p rogram will determine and minimize in  the des ign  the probabili ty of occur -  
rence  of such a catastrophic  f a i lu re .  
cui t ry  to accommodate ground command co r rec t ion  of the antenna beam 
direct ion.  
with a duration of 1 to 2 minutes .  
percent  duty cycle.  
derat ing factor has  been applied where  prac t icable  within the digital e lec  - 
tronic s .  

Loss of this function 

A fa i lure  mode ana lys i s  to  be per formed during this 

The var iab le  phase control  has  c i r -  

This cor rec t ion  wil l  occur  approximately a t  1 -week in t e rva l s ,  
The s ine  wave genera tor  opera tes  at 100-  

It has  been found that the recommended 90-percent  

2-  2 
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The analog dr ive  c i rcu i t s  include a summing network,  which de r ives  
eight signals phase 
wave, and eight p a i r s  of waveform gene ra to r s ,  each  with one power 
ampl i f i e r .  Investigation of this portion of the subsys tem indicates  that  
complex redundancy ex i s t s ,  and a fa i lure  of the cont ro l  excitation to the 
phasing c i rcu i t  to one or  m o r e  of the 16 antenna e lements  wil l  cause  a degra -  
dation i n  per formance  and not a catastrophic  fa i lure .  The R F  would continue 
to be supplied to the element.  
to de te rmine  the antenna sys t em fa i lure  modes  and the lo s s  effect  of antenna 
e lements  upon subsys tem per formance .  
f o r  incorporat ing degradation effects i n  the rel iabi l i ty  mathemat ica l  model .  

shifted approximately 22 .  5 deg rees  f r o m  the input s ine 

Laboratory t e s t s  a r e  cur ren t ly  being pe r fo rmed  

These t e s t s  should r e su l t  i n  c r i t e r i a  

Specific recommendat ions have been made  to enhance the rel iabi l i ty  
of the phased -a r r ay  antenna subsys tem.  
rel iabi l i ty  improvement  of the power ampl i f ie r  c i r cu i t s ,  which have a min i -  
m u m  o r  no derat ing of components ,  through simplification and redundancy 
techniques.  

Emphas i s  has  been placed upon 

A recommendat ion based upon these p re l imina ry  s tudies  has  been 
made  suggesting that interquadrant  paral le l ing of functions within the sub-  
sys t em b e  considered as indicated in  F igu re  2-1 by the dashed l ines .  
redundancy technique can be accommodated p r i o r  to sine wave genera tor  
subassembly . 

This 

The so la r  s enso r  a r r angemen t  shown i n  F igu re  2-1 is  des i r ab le  S O  
that  all s e n s o r s  will  supply inputs to all e l ec t ron ic s  packages,  provided the 
additional c i rcui t  complexity for  isolat ion can  be  held to a minimum and a 
reasonable  reliabil i ty improvement  i n  the ove ra l l  subsys t em can  be achieved 

Sys tem Studies 

Probabi l is t ic  models  for  spacec ra f t  avai labi l i ty  and r ep lacemen t  r a t e  
have been developed. 
mathemat ica l  development is  presented .  ) 

(See Section 5 ,  where  a s u m m a r y  of the s teps  i n  

The probabili ty of a spacecraf t  fa i lure  p r i o r  to, during,  and a f t e r  
replacement  a r e  cha rac t e r i zed  by th ree  f a i l u r e  modes .  The formula t ion  of 
the utilization, outage, and duplication t imes  yields  equations that desc r ibe  
the f rac t ion  of useful time (up-t ime r a t io  o r  avai labi l i ty) ,  of nonuseful t ime  
(down-time ra t io) ,  and.  of duplication time. Mathemat ica l  models  f o r  the 
number of satel l i tes  needed and rep lacement  r a t e  a r e  presented .  Numer ica l  
e s t ima tes  of availabil i ty and rep lacement  r a t e  f o r  one spacec ra f t  based  upon 
the probability of surv iva l  of a t  l ea s t  one of fou r  communicat ions quadrants  
i l lus t ra te  the models .  

The fourfold redundancy and s tepwise quadrant  degradat ion of the 
Syncom I1 spacecraf t  make  i t  possible ,  by p rope r  choice of rep lacement  
decis ion c r i t e r i a ,  to reduce  the frequency of ca tas t rophic  communicat ion 
f a i lu re s .  A study of the avai labi l i ty  function f o r  s e v e r a l  decis ions to r ep lace  

I 
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c r i t e r i a  i s  being pe r fo rmed  to optimize availabil i ty and minimize  the rep lace-  
ment  r a t e .  
gain will  be achieved by minimizing the ac tua l  t ime to replace andmaximiz ing  
the booster and launch sequence reliabil i t ies.  

It i s  apparent  f r o m  the probabilistic models  that  a significant 

An examination of the availability f o r  a three  spacecraf t  s y s t e m  wil l  
be initiated. Methods for  utilizing the replaced spacecraf t  until its complete  
fa i lure  a r e  contemplated. 
satel l i te  per  orbi ta l  location i s  required;  i. e . ,  there  does not s e e m  to be any 
reason  to have a continuous standby spacecraf t  a t  this t ime.  However,  the 
s y s t e m  queuing problem for utilization of launch faci l i t ies  i s  pertinent to the 
cost  effectiveness and is being considered a s  a n  extension of this ana lys i s .  

The analysis presented  shows that one active 

TEST EQUIPMENT 

Frequency  Translat ion Transponder  Tests  

Table 2 - 1  is a pre l iminary  l i s t  of t e s t s  and equipment. The only i t e m  

A block 
of equipment that may  be specially designed and built for  the tes t  of the fre- 
quency t ranslat ion t ransponder  will  be the communications panel( s) .  
d i ag ram of this panel i s  shown i n  F i g u r e  2-2.  
t ranslat ion t ransponders  per  spacecraf t  and each of them opera tes  a t  a 
different frequency, some duplication of equipment is required.  
m o s t  feasible to have four panels ,  one for  each spacecraf t  quadrant.  
min imum,  the m a s t e r  osci l la tor  c rys ta l  and the high pass  output f i l ter  m u s t  
be duplicated, the l a t t e r  i n  o rde r  to eliminate necess i ty  of readjusting the 
f i l t e r  each time. 

Since there  are four frequency 

It m a y  prove 
As a 

The frequency mul t ip l ie rs  will  probably not opera te  over  a wide 
enough band to allow a single s e t  to be used for  all four  quadrants.  
should prove to be the c a s e ,  it would be n e c e s s a r y  to construct  four separa te  
panels (one for  each quadrant) .  
osc i l la tor  ~ multiplying chains! and other microwave s ignal  generation equip- 
men t  except for the traveling-wave tube and power me te r .  The I F  ampl i f ie r ,  
phase de tec tor ,  phase modulator ,  low-pass f i l t e r ,  and phase-lock s ta tus  
readouts  would be placed on a separate  chass i s  to be sha red  by the four 
quadrant  RF panels. The commerc ia l  t e s t  equipment ( T W T ,  power m e t e r ,  
T V  s ignal  genera tor ,  TV monitor ,  35-75 megacycle  s ignal  genera tor )  would 
a l s o  be used on a shar ing bas i s .  

If this 

These panels would contain the m a s t e r  

Since testing of the t ransponder 's  multiple a c c e s s  mode requi res  
generat ion of single sideband signals and l inear  amplification, there  i s  l i t t le  
to be gained f r o m  combining the multiple a c c e s s  mode equipment into the 
s a m e  panels as the frequency translation mode equipment, par t icular ly  since 
their  separa t ion  m a k e s  the equipment m o r e  versa t i le .  

The feasibi l i ty  of generating wide -band phase-modulated signals at 
54 megacyc le s  has  not yet been studied. The relatively s imple s y s t e m  shown 

2-  5 
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TABLE 2-  1. FREQUENCY TRANSLATION TRANSPONDER TESTING 

P a r a m e t e r  to be 
Tes ted  

1) Input and output 
f requencies  and band- 
widths (including IF )  

2 )  Image re jec t ion  

3 )  Power  output 

4) Sensit ivity 

5) Signal  d i s tor t ion  
(int  e rm odula ti on, 
phase  d is tor t ion ,  etc. ) 

T e s t  Equipment 
Required 

Communications panel,  
35 to 75 m c  s igna l  gen- 
e r a t o r ,  t r ans fe r  o sc i l -  
l a tor ,  e lectronic  
counter and frequency 
conver te r ,  TV signal  
gene ra to r ,  TV moni tor ,  
and spec t rum analyzer .  

Same a s  above 

R F  power m e t e r  

Same as 1 

Same as  I 

Comments  

Block d i ag ram of 
communications pane: 
i s  shown i n  F igure  
2-2.  

Spe c t r u m  analyze r 
would be used to 
rece ive  and m e a s u r e  
t ransponder  outputs 
in  response  to image  
inputs.  

Phase  -locked loop 
s ta tus  would be 
monitored as a 
function of s ignal  
level.  

Distortion checks 
would be made  by 
viewing T V  pa t t e rns  
on TV monitor  on 
inputs and outputs 
of t ransponder .  

on the block d i ag ram may  not prove operable;  i f  s o ,  the a l te rna te  plan 
indicated on the block d iagram is a s tandard technique and should not p r e -  
s en t  any se r ious  technical  difficulties. 

Spacecraf t  ha rdware  (in e i ther  spacec ra f t  o r  a repackaged f o r m )  can  
be used  f o r  the following i tems:  

2 - 7  



1)  Master  osc i l la tor  

2)  Frequency mul t ip l ie rs  

3 )  Hybrids and i so l a to r s  

The decision to u s e  spacecraf t  p a r t s  will  have to be made  on the bas i s  of its 
effect on cost  and schedules .  

SSB/PM MultiDle Access  TransDonder Tes t s  

P re l imina ry  sys t em t e s t s  and equipment fo r  the SSB/PM mult iple  
a c c e s s  t ransponder  t e s t s  l is ted i n  Table 2 - 2  wil l  be designed to s imula te  
ground station operat ion a s  wel l  as to sys tem-tes t  the t ransponder .  
2-3 is  a pre l iminary  block d i ag ram of the SSB/PM mult iple  a c c e s s  t r a n s -  
ponder t e s t  equipment. 

F igu re  

TABLE 2 - 2 .  SSB/PM MULTIPLE ACCESS TRANSPONDER TESTING 

System Tes t  Tes t  Equipment  Required 

Rece iver  sensit ivity T e s t  SSB genera tor  and P M  rece ive r  
o r  minimum readable  ( s i m i l a r  to ground s ta t ion)]  spec t rum 
signal level and ana lyze r ,  osci l loscope,  power m e t e r  
dynamic range 

Transponder  bandwidth Tes t  SSB genera tor  and P M  r e c e i v e r ,  
spec t rum analyzer  osci l loscope 

Phase  modulation index Tes t  SSB gene ra to r  and P M  r e c e i v e r ,  spec -  
t r u m  ana lyzer  

Power  output 

Int e rmodula tion 
dis tor t ion 

T e s t  SSB genera tor  and P M  r e c e i v e r ,  power 
m e t e r ,  s p e c t r u m  analyzer  

Noise gene ra to r ,  nar row-band r e j e c t  f i l t e r ,  
t e s t  SSB gene ra to r  and P M  r e c e i v e r ,  spec -  
t r u m  ana lyze r  

Noise figure 
( i f  t e s t  a c c e s s  pe rmi t s )  

Noise tube and noise  m e t e r  

Antenna Control Sys tem T e s t s  

T e s t s  of the antenna control  sys t em m a y  be m a d e  with the sa te l l i t e  
e i ther  s ta t ionary o r  rotating. 
t e s t s  and equipment; block d i ag rams  for  t hese  t e s t s  a r e  given i n  F igu res  
2 - 4  and 2 - 5 .  

Table  2 - 3  l i s t s  the r equ i r ed  p re l imina ry  
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TABLE 2-3. ANTENNA CONTROL SYSTEM TESTING 

System Tes t  Equipme n t 

1) Stationary spacec ra f t  

a)  Antenna radiat ion pa t te rn  is de-spun 
i n  synchronism with the -pulse,  has  
24-hour angular cor rec t ion ,  and 
responds to ex terna l  commands. 

b) Reaction j e t  f i r e  signal occu r s  a t  
c o r r e c t  angular  position and with 
c o r r e c t  pulse width. 

2) Rotating spacecraf t  

a)  Ex te rna l  commands control  angular 
position of antenna radiat ion pattern.  

b) Antenna radiat ion pa t te rn  r e v e r t s  
to "pancake" shape.  

c )  Reaction j e t  f i r e  signal occu r s  a t  
c o r r e c t  angular  posit ion and with 
c o r  r e c t pulse width. 

4-gc antenna horn ,  
antenna horn s tand,  
4-gc c r y s t a l  de tec tor  

osci l loscope (TKX545) 
( H P  42OA), 

Plug - in  preampl i f ie r  
(TKX Type C / A ) ,  
pulse  genera tor .  

4-gc antenna h o r n ?  
4-gc c r y s t a l  de tec tor  

antenna ho rn  s tand,  
osci l loscope (TKX545), 
Plug-in preampl i f ie r  

(TKX Type C / A ) ,  
command gene ra to r ,  
t e l eme t ry  r e c e i v e r ,  
reac t ion  j e t  f i r e  s ignal  

spin table.  

( H P  420A) , 

detector  .. 
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3. ADVANCED TECHNOLOGICAL DEVELOPMENT 

DUAL-MODE TRANSPONDER 

Circu i t s  Common to  Frequency Translat ion and Multiple Access  Transponders  

Dual Mixer (6390-6336/6357 m c ) .  Drawings have been p repa red  of 
the s t r ipl ine c i rcu i t s  and base  plates  for  the dual m i x e r ,  which opera tes  
approximately 1000 m c  below that of Syncom I. 
has included completion of a tes t  f ixture to  permi t  optimization of the match  
of the two m i x e r  diodes,  R F  choke, R F  f i l t e r ,  and the R F  hybrid ring. Three  
a l te rna te  m a t e r i a l s ,  revol i te ,  te l l i te ,  and duroid,  will be tes ted  fo r  the 
hybrid r ings to  minimize l o s s e s  and simplify fabrication p rocesses .  

The ha rdware  development 

Hybrid (4170 m c ) .  Drawings of the 4170 m c  hybrid have been com-  
pleted and fabrication of the hardware  initiated. 
m a t e r i a l  t e s t s  conducted fo r  the dual mixer  s t r ipl ine will be applied to  the 
hybrid.  

The r e su l t s  of the a l te rna te  

R F  Power  Switch. The cen te r  frequency of the R F  power switch under 
tes t  during the previous repor t  per iod was measu red  to  be 3700 m c ,  with 
s ta t ic  l o s s e s  between 0 .  15 and 0.  20 db over a 5-percent  band. Curren t  
effort i s  directed toward scaling the center  frequency to  4080 m c  and 
decreas ing  the peak cu r ren t  pulse  required to  switch the magnetic field 
f r o m  3 t o l e s s  than 1 ampere. 

X32 M,ultiplier. Three  X32 mult ipl iers  have been fabricated and 
tes ted .  
(See F i g u r e  3-1). 

These mul t ip l ie rs  have the same varac tor  diodes used in Syncom I 

X2 Multiplier. A breadboard 2 to  4 kmc doubler has  been developed 
and i s  undergoing t e s t s  to  finalize the configuration p r i o r  t o  fabr icat ion of the 
engineer ing model (F igu re  3-2). 

X3 Multiplier.  Circui t  development fo r  the X3 mult ipl ier  has  been 
init iated.  
pe r i od. 

The circui t  will be fabricated and tes ted during the next repor t  

3- 1 
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a )  Exploded View, In te r ior  

b )  Exploded View, E x t e r i o r  

c )  A s s e m b l e d  

F i g u r e  3 -  1. X32  Mult ipl ier  
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a) Circuit  Side 

b) Po\s.er Supply Decoupl ing  C i rcu i t  Side 

F i g u r e  3 -  2 .  X2 l lu l t ip l ie r  a n d  Abnpl i f ie  2- 
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Circui t s  for F M  Frequency Translat ion Transponder  

Preampl i f ie r  and IF Amplifier.  Effort t o  date has  been d i rec ted  
toward development of 25 -mc bandwidth c i rcu i t s  applying the circui t  tech-  
niques developed f o r  Syncom I and using the s a m e  t r ans i s to r s .  
culty has  been encountered with this t ransformer-coupled  approach ,  and 
therefore  a para l le l  consideration of an a l te rna te  t r ans i s to r  and RC-coupled 
c i rcu i t s  i s  under way. 

Some d i f f i -  

High-Level Mixer.  Hardware development of the high-level m i x e r  
has  been init iated,  using Syncom I techniques.  An a l te rna te  m i x e r  approach 
is  being considered in para l le l  with this development; it has  a va rac to r  diode 
modulator a s  the f i r s t  s tage of a two-stage mixe r .  The requi red  4224-mc dr ive 
power is reduced sufficiently to  pe rmi t  a single (power level)  design fo r  all 
t h ree  X32 multiplier applications in the dual-mode t ransponder .  

14 db Coupler (4224 mc) .  Design has  been completed and drawings 
p repa red  for  fabr icat ion of a 14-db coupler .  

Beacon Osci l la tor  (144 mc) .  The 144-mc beacon osci l la tor  has  been 
The c i rcu i t s  provide the des i r ed  3 milli- fabr icated and tes ted electr ical ly .  

wat ts  a t  144 m c .  

Isolators  (21 12 m c ) .  Par tsfabricat ion has  been completed and assem- 
bly of four  2112-mc i so la tors  initiated. 
tes ted during the December  repor t  period. 

These  units will be completed and 

Dual-Fi l ter  Hybrid (2112 mc) .  A purchase  o r d e r  was  r e l eased  to  
Delivery of engineering Rantec to  supply the 21 12-mc dual-filter hybrid.  

model units is  expected during the next r epor t  per iod.  This  hybrid is  sca led  
f rom the 1849-mc dual-f i l ter  band of Syncom I ,  with the additional change of 
the level  difference between the two output a rms .  

Dual-Single Sideband Fi l te r -Dip lexer  (4080/4170 mc) .  A purchase  
o r d e r  was re leased  to  Rantec to  supply the 4080/4170 m c  dual-s ingle  sideband 
f i l ter-diplexer .  Delivery of engineering model  units i s  expected during the 
next report  period. 
sideband from the high-level m i x e r  and diplex this  signal with the 4080-mc 
beacon signal. 

This f i l ter-diplexer  will  se lec t  the 4170-mc modulation 

C i r c iiit s for Mult iple-Ac c e s s T ran  sponde r 

Phase  Modulator (32. 5 mc) .  The phase modulator  has  been fabricated 
a n d  tes ted electrically.  
t r ansmi t t e r  m a s t e r  osc i l la tor  and the p reampl i f i e r .  

During the next r epor t  per iod i t  will  be  ma ted  to  the 

Receiver Mas te r  Osci l la tor  (66. 223 mc). The engineering model  
m a s t e r  oscil lator has  been fabr ica ted  and tes ted  e lec t r ica l ly .  The power 
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output and frequency are  sat isfactory.  
determination of the sho r t  t e r m  stability of this  osci l la tor .  

Planned additional testing includes 

Doubler/Amplifier ( 3 2 .  5 /65  mc). Breadboard c i rcu i t s  of the 3 2 .  5/ 
65-mc doubler and ampl i f ie r  have been p repa red  and a r e  undergoing final 
development p r i o r  to  incorporation into the engineering model.  

T r a n s m i t t e r  M a s t e r  Osci l la tor  ( 3 2 .  578125 mc) .  

During the next r epor t  per iod this osci l la tor  will be mated with the 

The engineering 
model t r ansmi t t e r  m a s t e r  osci l la tor  has been completed and tes ted e l ec t r i -  
cally. 
phase modulator.  

F i l te r - I so la tor  (2085 and 2119 mc) .  A purchase  o r d e r  was r e l eased  
Delivery of all engi-  to  Rantec to  supply the 2085- and the 2119-mc f i l t e rs .  

neer ing model units was  completed and tes t ing will be conducted during the  
next r epor t  period. 

TRAVELING-WAVE TUBE 

During this  per iod tube No. 384H-7 was  assembled  to the packaged 
s tage and tested.  F o u r  o ther  tubes were  scrapped  because of an  assembly  
e r ro r ,  but the cause  of the e r r o r  has  been t r aced  and cor rec ted .  

The t e s t  r e su l t s  f r o m  No. 384H-7 a t  the prepackaging s tage showed 
the change in helix pitch r a i sed  the optimum per formance  frequency to  about 
4000 m c  and the beam voltage enough to obtain a power output of ove r  2 . 5  
wat ts  a t  4000 mc. The tube exhibited excellent col lector  depress ion  and the  
efficiency was  over 37 percent  a t  this  power output. The inc rease  in helix 
pitch has  lowered the gain,  but a 15 percent  i nc rease  in helix length should 
inc rease  the gain to  the des i r ed  value. 

The data obtained from No. 384H-7 a f t e r  packaging was not con- 
s is tent .  
Investigation is  under  way to  determine the cause  of the mismatch  and the 
n e c e s s a r y  action t o  c o r r e c t  it. 

I t  is believed that the output match changed during packaging. 

P r e a s s e m b l y  work has  begun on two tubes (384H-8 and -9) with the 
longer  helix. These  will be tes ted  in  December.  

PHASED-ARRAY TRANSMITTING ANTENNA 

A r r a y  Development, Vert ical  Polar izat ion 

The  ver t ical ly  polar ized a r r a y  w a s  tes ted  on the Hughes antenna range 
with the phased-array antenna t e s t  f ixture ,  which uses  cables  cut t o  the 
proper length t o  give the n e c e s s a r y  phase shifts fo r  a s ta t ic  pattern.  
horizontal  and vertical patterns w e r e  taken a t  a number  of f requencies  i n  the 

Both 
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band. The resu l t s  at 3980, 4080, and 4180 m c  a r e  shown in F igu re  3-3. The 
m e a s u r e d  gain at 4080 m c  was 15 db through the t e s t  f ixture;  with allowance 
fo r  f ixture  attenuation and misma tch ,  the actual antenna gain is es t imated  a t  
17 db. 

Since the receiving antenna feed p a s s e s  up through the cen te r  of the 
t ransmit t ing a r r a y ,  a check was made on the effect of a rod in the center .  
With a solid conducting rod ,  the mainlobe gain dec reased  slightly l e s s  than 1 
dbandthe  f i r s t  sidelobes increasedapproximate ly  1 .  5 db .  When a number of 
quarter-wave RF chokes were  placed on the rod ,  t he re  was no measu rab le  
effect on the pat tern in the vicinity of the mainlobe. 

All the R F  components fo r  the breadboard antenna have been received 
and assembled  to check the mechanical  s t ruc ture ,  The antenna i s  shown 
being assembled  in  F igu re  3-4; F igure  3 - 5  i l lus t ra tes  a top view. 
phase shif ters  a r e  symmet r i ca l ,  with the power divider  on the bottom and the 
coaxial  cables feeding the antenna a t  the top. 

The eight 

R F  Ci rcu i t s  

F e r r i t e s .  Enough f e r r i t e s  fo r  the breadboard antenna have been 
received from Trans  -Tech,  Inc. 
the s a m e  resul ts  a s  t e s t s  of the e a r l i e r  uni ts ,  which appea r  to  be sa t i s fac tory  
for  this application. 

Initial t e s t s  of these  gave approximately 

Output Couplers .  The output couplers  have been completed and 
tested.  They a r e  in the form of a quar te r -wave  plate that  converts  c i r c u l a r  
polarization to  l inear  polarization. 
l inear ly  polar ized,  but may  be resolved into two counter-rotat ing c i r c u l a r  
polarizations.  
while the other output couples to  left-hand c i r c u l a r  polarization. 
rotation of the l inear ly  polar ized input 
two outputs. 
var ia t ions a s  a function of input polarization. 

The input signal to  the output coupler  is 

Thus one output couples t o  right -hand c i r c u l a r  polar izat ion,  
In this  way,  

r e su l t s  in a phase  shift of each  of the 
Typical inser t ion loss was of the o r d e r  of 0 .  5 db with 0 .  1 db 

Phase  Shifters.  All  eight phase s h i f t e r s  have been a s sembled  and a r e  
being tested.  
p le r  i s  on t h e  r ight ,  the field coil i n  the c e n t e r ,  and the output coupler  on the 
left.  
the matching sections on e i ther  end. 
respec t  t o  the input. 
there  i s  no cu r ren t  in the field co i l ,  to e n s u r e  an  omnidirect ional  pa t te rn  i f  
the phase shif ters  a r e  turned off. 
the coil can then be adjusted s o  that the two outputs a r e  again in phase.  

F igure  3-6 shows the p a r t s  of a phase  sh i f t e r ;  the input C O U -  

In the foregound i s  the f e r r i t e  tube,  with i t s  teflon in se r t  in f ron t  and 
The output coupler  can  be rotated with 

It i s  adjusted s o  that  the two outputs a r e  in phase when 

With c u r r e n t  in one winding of the co i l ,  

Power Split ter.  The s t r ipl ine eight-way power sp l i t t e r  was a s s e m -  
bled and tested a t  4080 mc .  
eight outputs varied f rom 8. 8 to  9. L db. 
loss through the power spl i t ter .  

The power division f r o m  input to  each of the 
Thus t h e r e  appeared  to be negligible 

The m a n n e r  in which the output var ied  
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Figure  3-4.  Phased -Ar ray  Antenna A s s e m b l y  a n d  Checkout 
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F i g u r e  3 -  3 .  Phased--Arra!- -4rite!-ina Complete Breadboard  
Sho\r.ing Phase  Shif ters  Circumfe rential1)- -Arranged 
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Figure  3 -6 .  Exploded View of Breadboard  F e r r i t e  P h a s e  Shi f te r  
Used in  P h a s e d - A r r a y  Antenna Sys t em 
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seemed t o  indicate that the hybrid rings did not scale proper ly  and may  be 
tuned to  an  off -nominal frequency. 

Stripline Circui ts .  Work is  continuing on the s t r ipl ine vers ion of the 
antenna R F  sys t em,  using a double-layer air dielectr ic  s t r ipl ine for the c i r -  
cuits between the phase sh i f te rs  and the antenna elements .  
number  of the individual s t r ipl ine components as well  as the overal l  layout 
is in  p rogres s .  

Layout for a 

C ont r ol Electronic  s 

Analog Electronics .  The circui t  design for the new waveform gener -  
Sixteen plug-in boa rds ,  one ating c i r cu i t s  descr ibed  l a s t  month is complete. 

for each  of the two windings on each phase sh i f te r  f ield coil a r e  being fabr i -  
cated f o r  u se  with the breadboard antenna. All  p a r t s  have been o rde red  and 
m o s t  have been received. Each board has  10 t r a n s i s t o r s ,  20 diodes,  and 65 
r e s i s to r s .  F igu re  3-7 shows a simplified block d iagram of the new c i rcu i t s .  
The t h r e e  sinusoidal inputs a re  supplied by the digital c i rcu i t s ;  the adding 
network combines these  to  generate  eight s ine waves differing in phase by 
22. 5 d e g r e e s ,  each  of which goes to  two waveform genera tors .  
E1  goes t o  a push-pull amplif ier  followed by diodes,  thus acting l ike a full- 
wave rec t i f ie r  and giving a t r a n s f e r  function to  E2 as indicated. 
ampl i f ie r  is similar, except that  the diodes a re  biased,  resul t ing in a t r a n s -  
fer  function t o  E3 as shown. Final ly  E3 passes through a diode shaping net-  
work which rounds off the t r a n s f e r  function t o  E4. 
sinusoidal input a t  E 
output passes througk a d r i v e r  amplif ier  and a power amplifier to  the field 
coi ls .  
r e s i s t o r  in  the eight that  generate  the s ine output. The engineering model 
analog e lec t ronics  will be combined with the digital e lec t ronics  f o r  package 
design. 

As shown, 

The next 

The amplitude of the 
is adjusted to  swing over  the range indicated. The 

The other  15 channels are s imi l a r  except f o r  an  ex t r a  diode and 

Antenna Digital Control Electronics.  Final  releases of the digital 
control  c i r c u i t s ,  which include mos t  of the antenna control  e lec t ronics ,  were  
completed in e a r l y  November. The analog c i rcu i t s  w e r e  completed about 
20 November.  
e r a t o r  subassembl ies )  of the digital control e lec t ronics  have been bread-  
boarded and tes ted  t o  ver i fy  t h e i r  operational design pa rame te r s .  
3-8,  3-9,  and 3-10 i l lus t ra te  the t e s t  and checkout of these  blocks. 

Major  functional blocks (phase-lock loop and sine-wave gen- 

F igu res  

Seventy-three flat c a r d s  of 28 types will be used  to  mount the circui ts .  
C a r d  design was  80 percent  complete and component procurement  90 percent  
complete  on 1 December.  
is expected to  be complete by ear ly  January.  

C a r d  assembly  was s t a r t ed  on 15 November and 

During the demonstrat ion of the phased-ar ray  antenna in the engineer-  
ing mode l  spacec ra f t ,  the antenna control e lectronics  will be contained in two 
units which will  be located in  the apogee moto r  volume of the spacecraf t .  
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F i g u r e  3 - 8 .  Circui t  Checkout of Phase  -Lock Loop Subassembly 

F i g u r e  3 - 9 .  Checkout of P h a s e - L o c k  Figt i re  3- l o .  E l e c t r i c d l  Checkout  
L o o p  Subassembly  for P h a s e d - I I r r a v  
--Antenna Digital Control  E lec t ron ic s  

ana Tekt  of Sine TV’a1-e 
Ge ne r a t  o r S u  ba s s e m b  1 \- 
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Design of the uni t s ,  which will be done ea r ly  in December,  has  been great ly  
simplified by this choice of location. 

Fabricat ion of the t e s t e r  f o r  the digital  c i rcui t  c a r d s  was  80 percent  
complete on 1 December.  
c ompl e te  . 

Design of the digital unit t e s t e r  was 50 percent  

A design review f o r  the antenna control  e lec t ronics  is scheduled f o r  
mid  -December. 

Te lemet ry  and Command Link fo r  Phased -Ar ray  Antenna Demonstration 

T o  demonstrate  the capability of a l te r ing  the direct ion of the antenna 
beam by command during the demonstrat ion of the engineering model ,  R F  
t e l eme t ry  and command link t o  the spinning spacecraf t  a r e  required- 
t e l eme t ry ,  to indicate the direction of the beam and verify commands sent  
to the spacecraf t ,  and command capabili ty,  t o  make  any des i r ed  changes in  
the beam direction. Commands will a l s o  be used to  demonst ra te  s imulated 
pulsing of a hot gas  jet. 
be used t o  simulate the je t  operation €or  these  demonstrat ions.  

A l ight mounted on the sur face  of the spacecraf twi l l  

The te lemetry and command sys tem w i l l  make  use  of existing equipment 
designs,  including Mark I R F  units. 
encoder will u s e  Mark  I te lemet ry  and command s imula tor  c a r d  designs f o r  
all but four  cards .  

The command decoder  and t e l eme t ry  

Ve r t ic  a1 Polarization 

This antenna cons is t s  of a col l inear  a r r a y  of bas ic  dipole e lements  
s e r i e s - f ed  by coaxial-l ine slots.  
quency of 6300 m c ,  i s  required.  

A bandwidth of 210 m c ,  centered  a t  a f re -  

As  previously repor ted ,  the use  of " f la red-sk i r t "  dipole e lements  is 
being considered and the impedance p rope r t i e s  of these  e lements  a r e  being 
investigated. 
a i r - f i l led coaxial line is  shown in F igu re  3-11. 

The basic  configuration of the element  coupled to  a se r i e s - f ed  

F o r  the pre l iminary  s e t  of da ta ,  the "f lared-skir t"  length is taken as 
Two variable  p a r a m e t e r s  a r e  

A se t  of da ta  was  taken,  yielding the 
a q u a r t e r  -wavelength a t  cen te r  frequency. 
avai lable ,  f la re  angle and spacing. 
resu l t s  in Table 3-1 as recorded  on the Smith Chart .  

Analysis of this data disclosed that f o r  a given spacing,  the change in 
f l a r e  angle does not appreciably a f fec t  the admit tance of the slot;  but f o r  a 
given flare angle,  the change in spacing a f f ec t s  the values of conductance. 
This implies  that fa i r ly  constant impedance c h a r a c t e r i s t i c s  can be achieved 
a c r o s s  the bandwidth required.  F o r  substantiation another  s e t  of data  was  
taken. The resu l t s  obtained a re  given in Table  3-2 as a function of f requency 
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Flare 
Angle,  deg rees  

0 

20 

30 

40 

TABLE 3 -1. ELEMENT IMPEDANCE CHARACTERISTICS 

Spacing 

0.050 inch 0. 100 inch 0. 150 inch 0.200 inch 

0. 3 1 4 1 .  81 0 .60- j l .  90 1. 15-j2. 15 2. 00-j2. 05 

0. 3 1 4 1 .  80 0.62-j l .  95 1 . 3 5 4 2 . 3 0  2. 20-j2. 20 

0. 29- j l .  76 0. 62-jl .  95 1.41-j2. 30 2. 15-j2. 20 

0 .32- j l .  74 0. 76-j2. 05 1.39-j2. 15 2. 30-j2. 00 

Frequency ,  mc 

5450 

5700 

5950 

6200 

6450 

6700 

6950 

7 200 

7600 

' Impedance 

2 .70- j  1. 10 

2 .40- j  1. 50 

2 .  SO-j 1 .90 

2 .  30- j2 .  00 

2 .15-j2.10 

1. 8 5 - j l .  90 

1 . 6 5 - j l .  70 

1 . 8 0 - j l .  90 

1.60-j1.60 

A 

AD SUPPORT AND S X E R  COAXIAL LINE 

Figure  3 -  11. F l a r e d  Dipole 
Radiating Element  

Th i s  data indicates  that  the f la red-sk i r ted  dipole definitely h a s  imped-  
ance  p rope r t i e s  that  v a r y  slowly with changes in frequency. 
l a r g e  amount  of reac tance  p resen t  indicates that  the  flare length is probably 
not c o r r e c t .  
r epor t  period. 
reac t ive  t e r m  on the pa t te rn  and gain. 

However,  the 

Variations in flare length will  be investigated during the next 
A computer  run  i s  being made  t o  de te rmine  the effect of a 
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A scaled vers ion of the Syncom Mark I t ransmit t ing antenna was 
fabr ica ted  to operate  a t  6300 m c .  
e a r l y  pa r t  of the next r epor t  period. 

Elec t r ica l  measu remen t s  will begin the 

Ho r iz on t a1 P ol a r i z a t i on 

The new symmet r i ca l  t es t  section radiating element  has  been t e s t ed ,  
with r e su l t s  indicating a n  omnidirectionali ty of l e s s  than 2 db. 
dimensions of the cloverleaf  e lement  have been determined and a six-element 
a r r a y  is being fabricated.  
requi red  frequency band are  being investigated. 

The final 

Several  methods of matching the a r r a y  over  the 

During the next r epor t  per iod the following act ivi t ies  will be initiated: 

1) Measurement  of the input impedance of the s ix-element  a r r a y  over  
the frequency band; 

2) Matching the impedance of the a r r a y  over  the frequency band; 

3) Measurement  of the radiation pa t te rn  of the a r r a y .  

STRUCTURE 

St ruc tura l  De sign 

The majori ty  (approximately 98 percent)  of the s t ruc tu ra l  drawings 
f o r  the Engineering Shake Tes t  Model, T-1,  have been completed.  The 
thrus t  tube spider  a s sembly  is  composed of a 12-inch-diameter  inner  ring 
and 12  welded s t i f feners  (F igu re  3-12). When a s sembled  into the aft sub-  
assembly ,  the spider  s t i f feners  will be r iveted to  the thrus t  tube s t r inge r s .  
The ma te r i a l  f o r  the so l a r  panel attach fitting has  been changed f rom mag- 
nesium to  aluminum f o r  i nc reased  stiffness.  
have a l s o  been changed f r o m  magnesium to  a luminum,  and the aft bulkhead 
has  been increased  in gauge f r o m  0. 040 to  0. 050. 
decreased  in gauge f rom 0 . 0 4 0  to  0. 032, but h a s  changed f rom magnesium 
t o  aluminum. 
changed f rom magnesium to  aluminum. 
l a t e s t  analyses  of design loads.  

The forward  and aft bulkheads 

The aft r ing has  been 

The quadrant e lec t ronics  package suppor ts  have a l s o  been 
These  changes a r e  the resu l t  of the 

During the next r epor t  per iod,  the release of engineering drawings 
f o r  s t ruc tura l  t e s t  spacecraf t  T-1 will be completed.  
engineering model spacecraf t  reflecting the flight s t ruc tu ra l  configuration. 
Units will be i n e r t ,  dynamically s i m i l a r ,  and as c lose  to  the final configura- 
tion in detail as possible. 
1) to  confirm the dynamic p rope r t i e s  of the  s p a c e f r a m e  and to  de te rmine  the 
effects on a n d m e a s u r e  the responses  of the s t r u c t u r e  to random excitation; and 
2) to  confirm the s t ruc tu ra l  capabili t ies of the spacec ra f t  by subjecting the 
s t ruc tu re  to  a series of s teady-state  and v ib ra to ry  loading conditions that 

The T-1 will be an 

The purpose of the spacecraf t  t e s t  is  twofold: 
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I 

will  s imulate  the t r u e  load envi ronment ,  i. e. , the l i fe  cycle .  The loads  
p rogram has not yet  been fully de te rmined .  

A ful l -scale  wood and plast ic  mockup was  completed during th i s  r e p o r t  
per iod (F igu re  3- 13) .  

S t ruc tura l  Analysis 

A major i ty  of the m a j o r  subassembl i e s  have been approved and 
re leased .  The change in  the fo rward  and a f t  bulkheads f r o m  magnes ium t o  
aluminum was made  for  s t ruc tu ra l  r easons ,  but it should a l s o  improve  
t h e r m a l  proper t ies .  Two problem areas  have been sa t i s fac tor i ly  reso lved  
analytically. One was  the computed lack  of to rs iona l  s t i f fness  of the s o l a r  
panel mountings. These suppor ts  have been stiffened considerably;  however ,  
tes t ing will actually ver i fy  the s t ruc tu ra l  adequacy. The other  problem area 
was that of the electronic  quadrant  mountings. 
suitable dummy e lec t ronic  mountings will  be incorpora ted  in the t e s t  vehicle 
in such a way that tes t  r e su l t s  can be obtained during the vibration tes t ing 
fo r  application to  the final package design. 

In th i s  c a s e  dynamically 

F o r  dynamic ana lyses ,  an analyt ical  model of ten d e g r e e s  of f reedom 
has  been defined to  obtain e s t ima tes  of na tura l  f requencies  and unit r e sponses .  
Calculation of s t i f fness  coefficients for s t r u c t u r a l  m e m b e r s  h a s  been init iated.  

A vibration test plan fo r  the engineer ing model  is par t ia l ly  completed.  
Instrumentation of the engineer ing model  will  begin in  the  l a t t e r  p a r t  of 
J anua ry  1963. 
withstand s imulated launch environment l e v e l s ,  provide data  f o r  reducing 
s t ruc tu ra l  weight, and provide qualification l eve l s  for  components.  

This  t e s t  will  demons t r a t e  the capabili ty of the s t r u c t u r e  t o  

Weight Summary 

Cur ren t  weight data  f o r  the sol id-propel lant  apogee m o t o r  conf igura-  
tion is summar ized  in  Table  3-3. 
orbi t  condition is shown in Table  3 -4. 

A detai led weight s ta tement  through final 

Weight changes s ince  the l a s t  weight s t a t emen t  a r e  as follows: 

Change 

Antenna e lec t ronics  support  e l iminat ion 
Thrus t  tube length reduction 
Ring and bulkhead changes in  m a t e r i a l  

Solar panel a t tachment  redes ign  
Panel  assembly  bottle stiffening 
New hoist fittings 
Hardware and misce l laneous  allocation 

and/ o r  gauges 

for a f t ,  c e n t e r ,  and fo rward  s t r u c t u r e  
subassembl ies  

Weight, pounds 

-1 .2  
-1 .4  
t2 .  5 

t 1 . 3  
t l .  1 
t 1 .  5 
t 3 . 9  

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
i 
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c )  Forward View 
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TABLE 3-3. SYNCOM I1 ESTIMATED WEIGHT STATUS 
Sol id -Propellant C onf i gu r at i on 

Weight, 
pounds z-z 

Subsystem 

Iz-z 

~~ ~ 

El e c t r onic s 

Wire h a r n e s s  

Power  supply 

C ont r 01s 

Propuls ion 

S t ruc ture  

hl is  c ellaneous 

41. 0 

45.3 

A Weight* 

1. 31 

1.37 

~ 

t 7 . 7  

57. 8 

130. 0 

1.29 

0 ::: ::: 

0. 252 

0.039 

0. 199 
0. 075 

0. 145 

0.253 

0. 037 

Fina l  orbi t  condition 

N2 pressur iza t ion  

N2H3-CH3 fuel 

N204 oxidizer 

Total  at apogee burnout 

Apogee moto r  propellant 

Total  payload at separat ion 

0.100 

0. 015 

0. 079 

0. 030 

0. 058 

0.101 

0. 015 

( 516. 6) 
3. 2 

55.6 

92.4 

(667.8) 
636.5 

(1304.3) 

23. 5 

23.5 

24.5 

53. 6 

62.2 

74.5 

IX-X 1 R / P  

~ ~~ 

::: = change in subsys tem weight since l a s t  report .  
:::::: = r a t io  of subsys tem weight to  final orbi t  condition weight. 

:;:;::: = r a t io  of subsys tem weight to  total payload at separation. 

An expected dec rease  in weight due to spider  a s sembly  redesign will be 
m a d e  in  the hext report .  

HANDLING, WEIGHT, AND BALANCE EQUIPMENT 

During the per iod,  design effort was  directed toward the ma in  a s s e m -  
bly stand and associated s t ruc tu re  a s sembly  f ixtures;  the designs w e r e  com-  
pleted and fabrication was  initiated. Design of d r i l l  j i g s ,  needed for  dril l ing 
of ho les  in the fo rward  and aft  bulkheads, has  begun. 
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TABLE 3 - 4 .  DETAILED WEIGHTS 

Component 

El ec t r onic quadrant s 

T e le  m e  t r y  t r an  srni t t e r 

Travel ing -wave tube and 
convert  e r 

Antenna e lec t ronics  and 
supports  

Subtotal 

Wire h a r n e s s  

Subtotal 

Bat te ry  packages 

Solar  ce l l s  

Solar  cel l  supports  

Solar  panel s t i f feners  

Subtotal 

Fue l  and oxidizer tanks 

Thrus t  chambers  

Thrus t  chambers  

F i l l  and vent valves 

Spin control  a s sembl i e s  

Spin control  a s sembl i e s  

A W eight,  pounds Veight, pounds 

8 0 .  00 

4. 00 

16. 00 

30.  00 

19 .90  

51. 80 

22. 80 

20.00 

8. 00 

13. 00 

3 .  60 

2. 60 

1 .20  

2. 50 

2. 50 

130. 00 

19.90  

102.60 
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TABLE 3 -4 (continued) 

I Component 

Lines  and fittings 

Miscellaneous 

Subtotal 

Apogee motor  installation 

Subt ot a1 

Support antenna e lec t ronics  

Thrus t  tube 

Ring th rus t  tube 

Ring stiffener 

S t r inger  tube 

Spider  a s sembly  

Ribs 

Plate panel  a t tachment  

Fit t ing panel  a t tachment  

Ring, aft  

Bulkhead, aft 

Hardware  and miscel laneous 

Pane l  a s sembly ,  btl 

Ring, ou te r ,  l a r g e  

AWeight, pounds 

-1.20 

-1.40 

0. 10 

1. 20 

-0. 90 

3. 20 

1. 30  

1.10 

-0. 80 

Weight, pounds 

2. 00 

11.20 

75.10 

- 0 . 0 0  

11.60 

4. 90 

2. 20 

8.40 

4. 80 

16.80 

0.40 

2. 20 

3.40 

6.60 

1. 30  

25. 10 

5.40 

38.60 

75.10 
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TABLE 3 -4 (continued) 

Component 

Ring, ou ter ,  small 

Ring, inner  

Support, e lectronics  package 

Support, e lectronics  package 

Hardware and miscellaneou: 

7 14 

715 

697 

T r u s s ,  je t  

T r u s s ,  sun s e n s o r  

T r u s s ,  so la r  panel 

Bulkhead, f orward 

T e e ,  panel attachment 

Support, e lec t ronics  package 

Support, e lectronics  package 

Hoist  fitting 

Hardware and m i  s c  e l lane ou: 

Hardware  and miscellaneou: 

Bat te ry  supports  

Subtotal 

Pa in t  

The rma l  switch 

Nutation damper  

Mi s c  e l lane ou s 

Dynamic balance ad jus tment  

Subtotal 

LWeight, pounds 

-0. 20 

-1.00 

0 . 2 0  

0. 10 

1. 30  

2 .  20 

-0. 60  

0. 2 0  

0. 10 

1. 50 

1. 30 

7. 70 

Weight, pounds 

1. 60 
4. 60 

1. 00 

0. 40 

1. 30 

2. 70 
2. 30 

4. 50 

6. 00 

2. 40 

1.00 

0. 40 

1. 50 

1. 30  

3 .  90 

3 .  30 

3. 00 

4. 50 

2. 00 

4. 60  

5 . 0 0  

131.30 

19. 10 
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TABLE 3 -4 (continued) 

Subsystem 

Electronic  s 

~~ 

Final orbit  condition 

Subsystem Weight 
to  Final Orbit  

Condition Weight a t  Separation Weight 

Sub s y s t e m  W e i gh t 
to Total Payload 

0.252 0 .100  

N2 pressur iza t ion  

N2H3 -CH3 fuel 

N2O4 oxidizer 

C ont r 01 s 

Pr opul s ion 

S t ruc ture  

Misce l laneous  and balance 

Total a t  apogee burnout 

0 .075 0.030 

0. 145 0. 058 

0. 254 0.101 

0. 037 0. 015 

Apogee moto r  propellant 
and expendables 

Pay1 oad at  separat ion 
f r o m  booster  

-, Weight 
pounds 

7. 70 

7. 70 

7. 30 

15. 00 

Weight, 
pounds 

516.60 

3.20 

55.60 

92.40 

667.80 

636. 50 

1304.30 

z-z 
23.50 

23.50 

24.50 

I Z - z  

53.62 

62. 18 

74.47 

IX -x 
41. 04 

45.32 

3 7 .  84 

R / P  

1. 31 

1.37 

1 .  29 

Wire  h a r n e s s  

Power  supply 

0 .039  

0. 199 

0. 015 

0.079 

::: >Weight = change in subsys tem weight s ince l a s t  report .  
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HOT GAS REACTION J E T  CONTROL SYSTEM 

Propuls ion Unit 

Proposa ls  for  the development and delivery of a bipropellant reaction 
control  sys tem were  received f r o m  seven of ten solicited bidders .  
bidders  proposed the use  of monomethyl hydrazine as a fuel. 
proposed included MDFNA and var ious combinations of nitrogen tetroxide 
and ni t rous oxide. The re  was  a wide variation in the choice of valves and 
thrus t  chambers .  The proposals  a re  cur ren t ly  being evaluated. Source 
selection i s  expected to  be made  during the next repor t  period. 

All 
Oxidizers 

Space Technology Labora tor ies  declined to  bid on the reques ted  
bipropellant sys t em,  but proposed a unit using hydrazine monopropellant. 
The STL proposal will be appra ised  with the bipropellant proposa ls ,  

Spin-Rate Control Mechanism 

Design effort has  been concentrated on the rotating j e t  scheme f o r  
spin-speed control. 
ple ted by mid- Decembe r. 

Detailed drawings of the basic  mechanism will  be com-  

Design of the damper  necessa ry  t o  ensu re  the stabil i ty of the device 
is continuing. 

Various f o r m s  of damping have been investigated including eddy- 
c u r r e n t ,  fr iction, and viscous.  The eddy-current  damper  requi red  to  p r o -  
vide the necessa ry  damping of 0. 15 o r  g r e a t e r ,  would weigh 10 pounds, 
considerably m o r e  than other  dampers  considered.  
obtainable by forcing a button of teflon against  the spin control  mechanism 
with a leaf spring. 
ultra-low vacuums a r e  not known well  enough to allow the amount of f r ic t ion 
to  be controlled a s  closely as needed; too much f r ic t ion  is a s  undesirable  as 
too l i t t le ,  since both can cause  the mechanism to  become insensi t ive,  in 
varying degrees ,  to changes in spin-speed; i. e. , a deadband i s  introduced. 
Since teflon 
will be given the friction damper  when additional per t inent  p rope r t i e s  a r e  
known. 

Fr ic t ion  damping is 

This is  a s imple  scheme  but the p rope r t i e s  of teflon in 

is the subject of many space  exper iments ,  fur ther  considerat ion 

A viscous damper  with a bellows configuration appea r s  to  offer the 
required damping, reliabil i ty and low weight. The device shown sche -  
mat ical ly  in F igu re  3-14 cons is t s  of two bellows mounted on the spacecraf t  
s t ruc tu re  and joined by a plate attached to  the fo rk  of the spin control  
mechanism.  An orifice in the plate allows f lu id ,  (probably sil icon) to  p a s s  
f rom one bellows to  the other .  The length of the or i f ice  will be l a r g e  c o m -  
pared  to  the d iameter  to ensu re  l amina r  flow ( in  which the flow is p ropor -  
tional t o  p r e s s u r e  differential) .  P a r t s  a r e  being fabricated fo r  the damper  
to  allow verification testing. The tes t  should be finished by the l a t t e r  pa r t  
of December.  
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Figure  3-  14. Schematic Representat ion 
of Viscous Damper 

Design problems with the damper  are due p r imar i ly  to  t empera tu re  
Expansion of the fluid effects and bulging of the bellows along i t s  d iameter .  

can be accommodated by inser t ion of a small bellows a t  a position exactly 
between the two main  bellows. 
operation of the main  bellows s ince the p r e s s u r e  a t  the midpoint is constant. 
Thus,  i t  will s e r v e  only to  accept  the  increased  volume of fluid resul t ing 
f r o m  the  t empera tu re  increase .  
will  be  from 0 t o  110" F. The upper  t empera tu re  is the resu l t  of a heat  
t r a n s f e r  analysis  based on a conservative es t imate  of the maximum t e m p e r -  
a t u r e  existing a t  the b a s e  of the je t  injection chamber  ( less than 200" F). The 
bulging of the bellows a t  the s ides ,  a n  undesirable  expansion, was  found to  
a f fec t  the dynamic response  of the bellows p r i m a r i l y  in the same manner  as 
an  oil-spring. F r o m  p re l imina ry  t e s t s  a l ready  conducted, in which a single 
bellows was  fi l led with w a t e r  and subjected t o  compress ion ,  it was  concluded 
that the effect of bulging was to  contribute a spr ing  gradient considerably 
weaker  than the actual oil-spring gradient of the si l icon fluid. The design 
m u s t  t he re fo re  compensate  fo r  this  effect. 

This  bellows will not affect the response  o r  

The t empera tu re  environment of the damper  

The br ie f  ana lys i s  t o  follow indicates the na ture  of the effect of the 
Spring K1 is the no rma l  spr ing gradient 

K2 is the spr ing assoc ia ted  with the bulging of the 

bellows bulge (see F i g u r e  3-14), 
assoc ia t ed  with the bellows. 
r e a s o n s  of symmetry .  
bellows and is a l s o  shown distributed. 

It is shown dis t r ibuted as four spr ings  f o r  

The mass of the fluid in  bellows 1 is 

where  p is the density of the fluid and V i s  the volume. 
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Differentiating, 

P The flow, Q , = - =  -1 V1 tr V1 
P 

d P  
= P  - d P  av dP m =cons t. 

The bulk modulus,  N = -V  

Substituting the above into the flow equation, 

v1 ' Q, = V1 t- N p1 

and s imi l a r ly ,  

v2  ' Q, = V, t - N p2 

Since t h e r e  is no leakage and the bulk modulus is constant  i t  is poss ib le  t o  
w r i t e  

Substituting into the flow equation, 

V '  v1 v2 
Q = V -2 PLwhere  V = 

N e V1 t V2 

The or i f ice  will be designed t o  produce l a m i n a r  flow, i. e .  , 

L Q = C P  

where  C is  the or i f ice  coefficient. 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 

. 
Equating the equation fo r  Q and recognizing tha t  V = a h ,  where  a is  the a r e a  
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of the plate between the bellows and 6 the velocity of the p la te ,  PL can be 
re la ted  t o  the displacement  6 in Lap lace  t r ans fo rm notation a s ,  

The f o r c e s  acting in the bellows plate  a r e  

F = aPL t K16 

Substituting f o r  PL, the t r a n s f e r  function of the damper  is, 

F 
6 
-= 

2 a - s  
C 
L + K1 

$ 1  

K2 is  the oi l -spr ing of the fluid due to i t s  compress ib i l i ty  and can  be shown to 

equal - a v *  e 
exactly the  s a m e  manner;  i. e. , i n  the c a s e  in which the or i f ice  is blocked, 
the c e n t e r  plate is able to  move when a fo rce  is applied,  due t o  e i the r  oil 
compress ion  o r  bellows bulging o r  both. The oi l -spr ing is  considerably 
s t i f fe r  than that  assoc ia ted  with bulging; t he re fo re ,  K2 wi l l  be considered to  

be the "bulging" spring. The t e rm-  in the equation in the damping evident 

when K1 is z e r o  and K2 is infinite. 

2 
The spr ing  assoc ia ted  with the bulging of the bellows ac t s  in 

2 a 
C 

The effect of the lag  t e r m  is to cause  the  damper  t o  ac t  l ike  a spr ing  
f o r  f requencies  above the l ag  breakpoint. 
vided n e a r  the  natural  f requency of the  spin-control mechanism the l a g  b reak -  
point should be at  l e a s t  s eve ra l  t imes  the  natural  frequency. 
spr ing  K1 should be s m a l l  re la t ive  to  the  p r i m a r y  spr ing  of the  spin-control  
mechan i sm ( the bipropellant tubes).  
damping,  it is n e c e s s a r y  t o  so  choose a bellows that K2 , t h e  "bulging" spr ing  
is large enough to  meet the l a g  breakpoint requirement .  

To ensu re  that damping is p r o -  

The bellows 

Knowing K1  and the des i r ed  minimum 

Dliring the month of December,  design of the spin control  mechanism 
will  continue. 
will  be completed and fabricat ion of pa r t s  s tar ted.  
tion wil l  be se lec ted  and tes ted.  

The detai l  drawings f o r  the basic  spin control  mechanism 
The damper  configura- 

3-  29 



4. STUDIES OF ALTERNATE CONFIGURATIONS 

SYSTEM STUDIES 

A study was  conducted t o  evaluate the feasibil i ty of using the Allegany 
Bal l is t ics  Labora tory  engine ABL-248 as an apogee engine for  Syncom 11. 
The study consis ted of a weight and balance analysis  and a s t ruc tu ra l  layout. 

The approach taken in the weight analysis  was  t o  consider  a sca led-  
down Syncom 11 that could be injected into the synchronous orbit. 
breakdown is shown in Table 4-1. 
in Table 4-2. 
e t r y  t r ansmi t t e r s .  
contain only two fuel and oxidizer tanks. 

The weight 
The ra t io  of m a j o r  subsys t ems  a r e  shown 

Only two electronic quadrants a r e  included and only two t e l em-  
As  a consequence, the control subsys tem was  scaled t o  

The weights fo r  the ABL-248 engine w e r e  taken f r o m  Allegany Bal- 
l is t ics  Labora to ry  r epor t s  and a r e  t o  be considered typical of these  engines, 
F o r  the pu rposes  of the analysis ,  the engine was  considered t o  be in a fully 
loaded condition. Although the final orbit  payload weight resul t ing was  not 
the optimum that could be achieved with the ABL-248 engine, the weight of 
379.4 pounds provides an indication of the engine's capability. 

Table 4-3 i l lus t ra tes  weight and balance s ta tus  a t  var ious t imes  in the 
t ra jec tory .  
load separat ion f r o m  the booster does not m e e t  the design objective of 1. 2. 
At apogee m o t o r  burnout, however ,  this value approximates  the des i r ed  
design objective. In the final orbit  condition, a f t e r  expulsion of the control 
sys t em liquids , the r a t io  again is unacceptable. 

The table shows that the roll-to-pitch moment  of iner t ia  a t  pay- 

Several  methods can be employed t o  re l ieve these deficiencies. 
the amount of propellant could be reduced (which was  not considered in this 
study, in which a fully loaded condition was  used). 
could be moved aft of the location shown in F igure  4-1. Thirdly,  a r e a r -  
rangement  of the internal  equipment would place m o r e  weight c l o s e r  t o  the 
outer d iameter .  

F i r s t ,  

Secondly, the engine 

In the post-apogee motor  burnout and final orbi t  conditions, it is quite 
possible  to  achieve higher roll-to-pitch moment  of iner t ia  ra t ios .  
the condition a t  separat ion f rom the booster  appears  to  be difficult to improve 
ade quat e l  y . 

However,  
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TABLE 4-1. WEIGHT BREAKDOWN O F  A SCALED-DOWN MARK I1 
~ 

I tem 

Electronic  quadrants ,  2 

Telemetry t r a n s m i t t e r ,  2 

TWT, 4 

DC conver t e r s ,  4 

Relay, f i l ter ,  and coupler ,  2 each  

Antenna e lec t ronics  

Whip antenna, 4 

Wire h a  rne s s 

Battery packages 

Solar  panels 

F u e l  tanks ,  2 

Oxidizer tanks,  2 

Miscellaneous 

Thrus t  c hambe r 

Thrus t  chamber  

Spin control assembly  

Spin control assembly  

Valves,  l i n e s ,  and fi t t ings 

Apogee motor  

Apogee m ot o r  h a  r dwa r e  

Subtotal 

Subt ot a1 

Subtotal 

Subt ota: 

Sub t ot a. 

4-  2 

Weight, pounds 

50. 00 

2. 00  

4 .00  

4 . 0 0  

1. 50 

30. 00  

0 .20 

10.00 

51.80  

42.80 

3. 25 

3 .  25 

5. 60 

1. 30 

1 .  80 

1. 30  

1. 30  

1 .  60 

42 .60  

1 .00  

91.70 

10.00 

94. 60 

19 .40  

43 .60  



I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

TABLE 4 -1 (continued) 

Item 

Thrus t  tube,  063 aluminum 

Ring thrus t  tube,  aluminum 

Ring s t i f fener ,  aluminum 

Spider assembly ,  magnes ium 

T r u s s ,  aluminum 

Bulkhead, 05 magnesium 

Outer r ing ,  063 magnesium 

Panel  mounting, magnes ium,  8 

Tee  s t i f fener ,  063 aluminum, 8 

T e e  magnes ium,  8 
Pane l  a t tachment ,  aluminum 

Channel 093 ,  aluminum 

Bat t e r y  s upp or  t s 

Hoist  f i t t ings 

Hardware  plus miscel laneous 

Subtota: 

Pa in t  

Nutation damper ,  2 

Miscel laneous equipment 

Dynamic balance 

Keight, pounds 

20 .20  

6. 00 

1. 00 

6. 00 

10.00 

7. 00 

11.40 

18. 00 

5 .  00 

1. 50 

3 . 0 0  

6. 70 
3.  30 

2. 00 

4 . 0 0  

3 .00  

2. 00 

5.00 

5. 00 

105.10 

15. 00 
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TABLE 4-2. RATIO O F  SUBSYSTEM WEIGHTS T O  FINAL ORBIT 
WEIGHT AND TO SEPARATION WEIGHT 

Subsystem 

Subsy s t em Weight 
t o  F ina l  Orbi t  

Condition Weight 

Elec t ronics  

W i r e  ha rnes  s 

Power  supply 

C ont rol  s 

Propulsion 

S t ruc tu re  

Miscellaneous and balance 

0. 242 

0. 026 

0. 249 

0 .051  

0. 115 

0. 277 

0. 040 

Subsystem Weight 
t o  Total  Payload 

a t  Separat ion Weight 

0 . 1 0 0  

0.011 

0. 103 

0 .021  

0.  114 

0. 114 

0. 016 

TABLE 4-3.  WEIGHT AND BALANCE STATUS FOR TWO 
POINTS I N  TRAJECTORY 

F ina l  orbit  condition 
N2 pressur iza t ion  

N2H3 -CH3 fuel 

N2O4 oxidizer 

Total  a t  apogee burnout 

Apogee motor  propel lant  

Payload a t  separat ion 

plus ine r t s  

f rom booster  

Weight, pounds 1 Z - Z  

379.40 

1. 60 

27. 80 

46.20 

455.00 

464.40 

22.00 

22.00 

I 3 0 - 0 8  
919.40 

I 

LAYOUT OF SYNCOM/ABL-248 CONFIGURATION 

a 
I1 

IZ- Z 

35. 09 

42. 12 

45 .77  

I X -  x 
36 .75  

37 .95  

65.97 

R I P  

0.  95 

1. 11  

0.  69  

F igu re  4-1 i l l u s t r a t e s  a possible  layout of the ABL-248 engine within 
Some of the s ignif icant  changes in the Syncom modified Syncom I1 vehicle. 

were :  

1) Reduction of the number  of e l ec t ron ic  quadrants  f rom four  t o  two. 

2) Reduction of control  sys tem tanks  f r o m e i g h t  to  f o u r .  

3) Scaling down of the s t ruc tu ra l  subsys t em.  
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As shown above, this  configuration has  an unsat isfactory roll-to-pitch 
moment  of inertia.  

The a l te rna te  spacecraf t  s t ruc ture  utilizing the ABL -248 apogee m o t o r  

A machined ring provides the interface fo r  the Atlas-Agena. 
cons is t s  of a conical aluminum thrus t  tube built up f r o m  sheet meta l  and 
machined par t s .  
Another machined ring m a t e s  with the r ing on the ABL-248 apogee motor  a t  
the nozzle end and is fastened to  the motor  by m e a n s  of a Marman  clamp. 
These  two r ings are  r iveted to  a cone-shaped tube of sheet meta l  with eight 
ex te r io r  tee  s t i f feners  running fo re  and aft. These  s t i f feners  provide the 
sur faces  t o  which the control  je t  fuel tank mounting panels and quadrant 
e lectronic  package mounting panels a r e  riveted. 
machined f r o m  magnes ium plate with integral  stiffening r ib s  and provide 
su r faces  f o r  mounting four  control je t  fuel tanks,  two quadrant electronic 
packages and four s torage  bat tery packages. 
is attached to  a spider-l ike st iffener machined f r o m  magnes ium and riveted 
t o  the thrust-tube assembly. 

employing lightening holes and beads for  added stiffness.  Aluminum sheet  
m e t a l  channels separa te  the mounting panels at the i r  af tmost  outer edges. 
The connection between the bulkhead and mounting panels is made  with the 
use  of a magnes ium tee  r iveted to  the bulkhead and bolted t o  the mounting 
panels.  

The mounting panels a r e  

The aft end of the apogee moto r  

Both the bulkhead and outer  ring a r e  fabr icated f rom sheet  magnes ium 

The individual t r u s s  work towers  supporting the four  sun s e n s o r s ,  
single orientation j e t ,  and four te lemet ry  and command whip antennas a r e  
fabr ica ted  f r o m  round aluminum tubing and sheet  m e t a l  gusse ts  welded in 
place and  attached as sepa ra t e  un i t s  to the bulkhead by bolts. 

The 16 so la r  ce l l  panels a r e  fabricated and mounted in a manner  
similar to  that of the cu r ren t  solid apogee m o t o r  configuration, providing 
cen te r  mounting. The two quadrant electronic packages a r e  attached to  
mounting panels 180 degrees  apar t .  Each  of these  packages is split and 
mounted on both s ides  of the panel. Mounting of the control  je t  fuel tanks 
and the single velocity j e t  is similar to that of the cu r ren t  configuration. 
F o u r  of the six tank mounting panels a r e  a l s o  used f o r  mounting four s torage  
ba t te ry  packages,  four  traveling-wave tubes,  and four  dc conver te rs .  
mounting panels each c a r r y  a te lemet ry  t ransmi t te r .  

Two 

RECOMMENDATIONS 

The Hughes study of an ABL-248 engine f o r  apogee boost found i t  t o  
be unsat isfactory f o r  the particular design pa rame te r s .  I ts  roll-to-pitch 
moment  of iner t ia  did not m e e t  Syncom design objectives. 
in the design could inc rease  this  ratio; the l a r g e  pitch-to-roll  ra t io  of the 
loaded moto r  i t se l f ,  however ,  would be ex t r eme ly  difficult to  overcome.  

Some variation 
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5. N E W  TECHNOLOGY 

PROBABILISTIC MODEL FOR SPACECRAFT AVAILABILITY AND 
.REPLACEMENT RATE 

Probabi l is t ic  models  for spacecraf t  availability and rep lacement  r a t e  
have been  developed and i n  this section a s u m m a r y  of the s t eps  i n  the ma the -  
mat ica l  development is  presented. 

The probability of a spacecraf t  fa i lure  p r io r  to ,  during, and af te r  
rep lacement  a r e  charac te r ized  by three fai lure  modes  (F igu re  5- 1).  
lat ion of the utilization, outage, and duplication t imes  yields equations that 
desc r ibe  the function of useful time (up-time rat io  o r  availabil i ty),  f ract ions 
of nonuseful t ime (down-time rat io) ,  and fract ion of duplication t ime. 
Mathematical  models  for  the number  of satel l i tes  needed and rep lacement  
r a t e  a r e  presented. Numer ica l  es t imates  of availability and rep lacement  
r a t e  for  one spacecraf t  based  upon the probabili ty of survival  of a t  l ea s t  one 
of four communications quadrants (Figure 5-2) i l lus t ra tes  the models .  

F o r m u -  

Sys tem Description and Definitions 

In this sys tem,a  communication satel l i te  has  a known distribution of 
life t imes  given in  F igure  5-1. 
rep lacement  rule  (to be discussed i n  a succeeding paper )  i s  used  to es tab l i sh  
r ,  the t ime of decision to replace the satel l i te .  At t ime S later, the satel l i te  
is  replaced.  The rep lacer  has  perfect and instantaneous knowledge of sa te l -  
l i t e ' s  s ta tus  (live o r  dead). 

A single satel l i te  is  i n  operation. Some 

Three  fai lure  modes  can  be described: 

Mode 1: The satel l i te  fails a t  t ime j, before the r ep lacemen t  decision 
is made ,  the rep lacement  decision is instantly made ,  and 
rep lacement  occur s  a t  t ime S l a t e r ,  i. e .  , a t  t ime j t S. 

Mode 2: The satel l i te  l ives  until t ime r but fails  between r and r t S, 
i .  e .  , a f t e r  the replacement  decision is made ,  but before the 
rep lacement  is  completed. Fa i lure  occur s  at r t k. 

L 5- 1 



SATELLITE FAILS OUT REPLACED 
NEW SATELLITE WORKS MODE I 

I J+S 

TIME. t = O  

DECISION 
TO 

SATELLITE REPLACE FAILS REPLACED 
MODE 2 WORKS I 

r r t k  r t s  

TIME, i = O  

DECISION 
TO 

SATELL I TE REPLACE REPLACED 
MODE 3 WORKS I I NEW SATELLITE 

I 

I O  
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m 
Q 
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J 

02 

r r + s  

TIME, i = O  

Figure  5-  1 .  Spacecraf t  Fa i lu re  Modes 

r t s t l  
OLD SATELLITE 
WOULD HAVE 
FAILED HERE 

0 2 4 6 8 IO 

MISSION TIME, YEARS 

Figure  5 -  2 .  Quadrant Probabi l i ty  of Survival ,  
Multiple -Access  Communications Mode 
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Mode 3:  The satel l i te  l ives until t ime r and then until a f t e r  r + S ;  
i. e . ,  a f t e r  rep lacement  has  been completed the original 
satel l i te  is s t i l l  i n  working o r d e r .  F u r t h e r m o r e ,  the or iginal  
satel l i te  is removed,  even though s t i l l  usable ,  a s  soon as 
rep lacement  is complete. If i t  w e r e  not removed,  i t  would 
fai l  a t  some  l a t e r  time r + S t 1. 
th ree  f a i lu re  modes  and a ids  i n  the definition of the t e r m s .  

F igure  5-1 i l lus t ra tes  the 

The probability of fa i lure  by t ime t will be indicated by P ( t ) .  Thus,  

P(r) = probability of satell i te fa i lure  between t ime z e r o  and 
t ime r ,  which is the t ime of decision to replace 

P(r t S) = probability of fa i lure  by t ime r + S t  e tc .  

Utilization, Outage, and Duplication Times 

Cons ider  a period of t ime T long enough to be essent ia l ly  infinite c o m -  
pared  to any single satel l i te  lifetime. 
tu re  of satel l i te  l i fe t imes ,  each ending in  one of the th ree  fai lure  modes.  

It will  be composed of a random mix-  

The length of t ime due to each Mode 1 fa i lure  wil l  be j + S, and of this 
j will be useful  and S will  be nonuseful. 
l i tes  used in  t ime T. 
The re fo re ,  the expected t ime spent by sa te l l i t es  that  fail i n  Mode 1 will be: 

N wil l  be the total  number of sa te l -  
The probability of fa i lure  i n  Mode 1 will  be P(r). 

total  t ime 

N Cp(r)(jiJ total  useful t ime (l ive satel l i te)  

N p(r) (SI total  nonuseful t ime (dead satel l i te)  

The length of t ime due to each Mode 2 fa i lure  will  be r + S, and of this 
r + k will  be usefu l  and S - k will be nonuseful t ime. 
in  Mode 2 will  be P(r t S )  - P(r) ,  that i s ,  the probability of failing by t ime 
r + S minus  the probability of failing by t ime r. 
t imes  spent  by sa te l l i t es  that fa i l  in  Mode 2 will  be: 

The probability of fa i lure  

Therefore ,  the expected 

N Cp(r t S )  - P ( r j  ( r  t S )  total  time 

N p(r t S) - P ( r j  ( r  t k) total  useful t ime (l ive satel l i te)  

N E( I- + S) - P(r] (S - k) total  nonuseful t ime (dead satel l i te)  

(5-1) 

(5 -2 )  

(5-3)  

The length of t ime due to each Mode 3 fa i lure  wil l  be r t S and will  be 
all useful. 
r ep lacemen t  as duplication t ime i f  it were  not removed a t  rep lacement  i s  1 .  
The probabili ty of f a i lu re  in Mode 3 w i l l  be 1 - P(r t S). 
expected t imes  spent by satel l i tes  that fail i n  Mode 3 will  be: 

The length of t ime that would be spent by the old satel l i te  a f te r  

Therefore ,  the 
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N E - P(r t s-~J ( r  t S )  total  t ime (5-4)  

N E - P(r t s~J ( r  t S )  total  useful t ime 
( l ive sa te l l i t e )  (5-5) 

N - P(r  t SJ (1)  total  duplication t ime  (5-6)  

These express ions  can be combined in  var ious  ways: 

Tuseful = N {P(r ) ( j )  t p(r t S) - P( rg  ( r  t k) t E - P ( r  t Sj ( r  t S,> (5-9)  

= N {P( r ) ( j  - r - k )  + P(r t S)(k  - S) t ( r  t S)} (5-10)  

T nonus eful = N (P( r ) (S)  t E(r t S) - P(r1  (S - k)} (5-1  1 )  

P(r)  t (S - k) P(r  t S ) }  (5-12) 

duplication T 

F r a c t i o n  of nonuseful t ime is: 

m 

nonuseful - k P( r )  t (S - k) P ( r  t S) 
( j  - r )  P(r)  t r t S  

1 
- 

T 

(5-13)  

(5-  14) 

F r a c t i o n  of useful t ime is: 

Tuseful - - ( j  - r - k )  P ( r )  t (k - S) P ( r  t S) t ( r  t S )  (5-15)  
T ( j  - r )  P(r)  t ( r  t S )  

Frac t ion  of duplication t ime is: 

duplication - T 

T 

Numbers  of Satel l i tes  Needed 

(5-16)  

The number of sa te l l i t es  needed i n  t ime  T wi l l  be designated N,  and 
T = N L, where L is the m e a n  sa te l l i t e  u se fu l  life. Since t h e r e  a r e  th ree  
fa i lure  modes ,  this can  be  broken  down in to  N1, N2, and  N3 ,  with L1, L2, 
and L3 fo r  mean  lives.  Then 

3 N = N 1 + N 2 t N  
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3 T = T + T 2 t T  1 

and so 

T = N L + N 2 L Z S N 3 L 3  1 1  

and 

T1 T2  T3 

L1 L2 L3 
N = - $ - $ -  

The rate of rep lacement  of satel l i tes  is given by 

N - 1 -  1 - - -  - 
T L ( j  - r) P(r) t (rt S) 

(5-18) 

(5-  19) 

(5-20) 

(5-21) 

Numer ica l  Values 

The l ifetime charac te r i s t ic  for Syncom I1 given i n  Figure 5-2 enables 
es t imat ion of the fract ion of useful t ime and the expected launch ra te .  If a 
satel l i te  i s  replaced on the ave rage  of eve ry  2 y e a r s ,  unless  a fai lure  occurs  
sooner ,  the r = Z. Because of the knowledge of the satel l i te  s ta tus ,  this does 
not m e a n  a n  a r b i t r a r y  rep lacement  a t  2 y e a r s ,  but r a the r  a rep lacement  based 
on s o m e  stated c r i te r ion  that occurs  on the average of every  2 y e a r s ,  such a s  
having a t  l ea s t  th ree  channels functioning. The r e s t  of the p a r a m e t e r s  a r e  a s  
follows as de termined  f r o m  Figure  5-2. 

r = 2 y e a r s  

P(r)  = 0. 18 
.a, , I .  

S = 0 . 2  yea r  

j = 1 y e a r  

k = 0. 1 year:' 

P ( r + S )  = 0. 20  

.t, .. 
'Reac t ion  t ime is  0. 1 y e a r ,  but because of boost fa i lures  50 percent  of the 
t ime S m u s t  be increased  to 0 . 2  year and k to 0. 1 f r o m  0.05. 
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F o r  convenient numerical  evaluating 

nonu s e f u 1 T 
Tuseful z 1 -  

T T 

subs ti tuting 

k ( P r )  t (S - k) P ( r  t S) 1 useful 
T 

= - 
( j  - r )  P ( r )  t r t S 

= 0.9812 

(5-22) 

The number of sa te l l i t es  needed i s  evaluated f rom Equation 
same  pa rame te r s .  

5-21 using the 

N -  1 
-- - = 0.495 p e r  yea r  T 2.02 

The replacement  r a t e  is  equal to N / T  divided by the boost re l iabi l i ty  0.  5 o r  
0 .  99 per  yea r .  

These conclusions a r e  conservat ive i n  that possible use  of sa te l l i t e  
communication channels i n  those sa te l l i t es  which had called for  rep lacement  
i s  neglected. 

It i s  interest ing to compare  this r e s u l t  with that for  a satel l i te  with the 
l ifetime charac te r i s t ics  of Syncom 11, which i s  replaced only upon complete 
fa i lure .  Maintainability theory gives 

1 
S 1 + -  

1 useful - 
- 

T (5-23) 

'. 

W h e n  S i s  a s  before the replacement  t ime and i is  the m e a n  life f o r  a t  l e a s t  
one channel (4 y e a r s )  

= 0.952 1 
0 2  l t '  4 

1 useful - 
T 
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Cos t  effect iveness  considerations make use of this model  i n  o r d e r  to optimize 
the decision c r i t e r i a  adopted for  Syncom 11. 

The above analytical  techniques a r e  considered by the contractor  to be 
unique, but are not considered a n  invention, -- per  s e .  

The analytical  techniques descr ibed provide tools required in  the s y s -  
tem reliabil i ty analyses .  
c r i t e r i a  f o r  satel l i te  rep lacement  a r e  important  p a r a m e t e r s ?  the de t e rmina -  
tion of which is aided by the techniques descr ibed.  

The degrees  of subsys tem redundancy and s y s t e m  

The analytical  techniques may  be applied to satel l i te  rep lacement  
c r i t e r i a  where in  s y s t e m  redundancy and a minimum continuous capability a r e  
complicating requi rements  . 
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APPENDIX A. BENDIX PHOTODETECTOR FOR 
SYNCOM ATTITUDE REFERENCE 

A pre l iminary  examination of the physical p roper t ies  of a miniature  
photodetector and a nonmechanical scanning s y s t e m  descr ibed  in Reference 
A-1 is made  to show its feasibil i ty as a body-mounted detector  of the s t a r  
Po la r i s  and hence a s  a m o r e  p rec i se  attitude re ference  fo r  Syncom. It is 
a s s u m e d  that the existing Syncom attitude re ference  and control s y s t e m  will 
bring the spacecraf t  spin axis  to  within 2 . 5  degrees  of the l ine of sight to 
Po la r i s ,  i. e .  , half the field of view of the detector .  

A s implif ie d ,  s ingle -channel, PPI type scanning method with angle 
re ferenced  to the sun senso r  pips m a y  be m o r e  suitable than the two-channel 
l i nea r  r a s t e r  s can  indicated in Reference A-1, since the rotation of the sa t e l -  
l i t e  about its spin axis  natural ly  provides the angular sweep motion of a polar  
coordinate system. In e i ther  c a s e ,  however,  some degradation of spin angle 
resolution r e su l t s  for  star images near  the center  of the field due t o  overlap 
of the scanning l ine which is 0. 5 degree wide. A l inear  r a s t e r  s c a n  outlined 
by Bendix does not preclude this  difficulty, although some  ex t r a  e lectronics  
will be needed to despin the rotating field of view. 

Optics of 1. 5 inches d iameter  and a video bandwidth of about 10 kc 
should provide adequate signal-to-noise ra t io  2 2 at the input to  a video 
ampl i f ie r  with a resolution of 15 minutes of a r c  when a imed  at Polar i s .  
at t i tude control precis ion,  however ,  will be l imited by the available spin 

angle resolution, ( 360 0. 7 degree  plus sun senso r  e r r o r s  

( - 0. 2 degree) .  
between the ea r th ' s  polar axis and the l ine of sight t o  Polar i s  can  be de t e r -  
mined f r o m  knowledge of Polar i s  mean right ascension and the sun ephemer -  
ides at the satel l i te  longitude. In addition, the te lemetered  video information 
of the field of view (e. g . ,  in the fo rm of a video display on a multimode s t o r -  
age  tube re ferenced  to the satel l i te-sun l ine)  can  be used  to  readi ly  d i s c r i m -  
inate against  fa inter  s t a r s  appearing in the 5-degree field, (e .  g. , b - U r s a  
Minor)  , by visual inspection, by using s o m e  suitably prepared  star -field m a s k ,  
o r  auto m a t  ic ally.  

The 

w ) 
The direct ion of the angular difference ( - 0 . 9  degree)  

A sol id-s ta te  (no moving pa r t s )  phototropic s c r e e n  i s  proposed as an  
a l t e rna te  to a mechanica l  shut ter  to  protect  the photocathode f r o m  possible 
damage  due to  sun imaging during the init ial  ascent  and orientation sequence. 
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The phototropic s c r e e n  is c la imed to go f r o m  a t r anspa ren t  t o  a n  opaque s t a t e  
within a few microseconds  a f te r  exposure to  s t rong  ul t raviolet  light. 
parency  is regained in a few seconds a f t e r  removal  of the ul t raviolet  l ight .  

Trans  - 

BENDIX PHO TODE TEC TOR, ELECTRON MULTIPLIER, AND PRO POSED 
TRACKER (REFERENCE A-1) 

The Bendix channel photomultiplier (photodetector and e l ec t ron  mul t i -  
p l i e r )  weighs 1 . 2  ounces,  occupies 2. 5 cubic inches,  and has  provis ions for  
image scanning. 
s c a n s )  with this  tube with the specifications l i s ted  in Table A-1. 

Bendix proposes  to build a t r a c k e r  (using c o a r s e  and fine 

TABLE A -  1. PROPOSED BENDIX TRACKER SPECIFICATIONS 

We ight : 

Volume : 

Power:  

Field of view: 

Pointing accuracy:  

Coar se  scan:  

Fine scan: 

Out put sa tu r at i on le v e 1 : 

Sensitivity: 

Linear i ty:  

Sampling rate  : 

Photocathode charac te  r i s t  ic : 

3 pounds 

95 cubic inches 

5 wat ts  (1  to  2 kilovolts a t  2 x 
a m p e r e  needed f o r  channel mul t ip l i e r )  

5 deg rees  total  
0 . 5  deg ree  instantaneous ( c o a r s e  scan )  
with 50 percent  ove r l ap  

* O .  25 deg ree  ( l i nea r  r a s t e r  s c a n ,  
s a tu ra t ed  output) 

* 9  seconds of a r c  ( c r o s s  s c a n ,  p r o -  
portional output, when viewing th i rd  
magnitude s t a r s  o r  b r igh te r )  

* 6  volts (15  minutes  of a r c  e r r o r )  

0 . 4  volt p e r  minute of a r c  to sa tura t ion  

10 pe rcen t  ove r  30 minutes  of a r c  

25 f r a m e s  p e r  second 

S-11 ( s e e  tex t )  
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Photodetector 

Elec t ron  Multiplier 

When a n  image of a s t a r  falls  on the photocathode, the electron s t r e a m  
emit ted at that spot is focused to a fine bundle in the plane of the ape r tu re  by 
means  of the e lec t ros ta t ic  lens  (Figure A-1). 
en te r  the ape r tu re ,  it undergoes a process  of amplification by the e lec t ron  
mult ipl ier  shown schematical ly .  

Should the e lec t ron  s t r e a m  

In general ,  owing to pointing e r r o r ,  the image  will not fall exactly on 
the optical  axis but will be displaced some rad ia l  distance r and angle 8 
(with respec t  to a re ference)  on the cathode. 
would miss the ape r tu re  and the output of the e lec t ron  multiplier would be 
ze ro .  However,  the magnet ic  deflecting scanningfields applied to the region 
behind the cathode are such that an off-axis e lec t ron  s t r e a m  is eventually 
introduced into the aper ture ,  and an output s ignal  is obtained at  a t ime during 
the scan  that corresponds uniquely to the rad ia l  and angular image position on 
the photocathode. (Bendix gives no details on the electron-bal l is t ic  desc r ip -  
t ion of the focusing o r  deflection mechanism except to cite a re ference  to a 
Fa rnswor th  Image Dissector  Tube (1939), which u s e s  similar techniques. A 
brief descr ipt ion,  taken f r o m  Reference A-4  is given a t  the end of this section.) 

F o r  this ca se  the electron s t r e a m  

A hollow g lass  tube with a high res i s t iv i ty  inner sur face  is  connected 
through suitable applied electrodes to a voltage sou rce  of 1000 to  2000 volts,  
a s  shown in F igure  A-2. A small continuous c u r r e n t  is  established along the 
inner sur face  f r o m  one end to  the other ;  thus a uniform e lec t r ic  field is e s -  
tabl ished down the tube. If a p r i m a r y  photoelectron s t r ikes  the inner sur face ,  
a secondary  e lec t ron  will be generated with a small t r ansve r se  velocity which 
will tend to c a r r y  it a c r o s s  the tube while the longitudinal e lec t r ic  field acce l -  
e r a t e s  it down the tube. By proper  proportioning of the d iameter  and field 
s t rength ,  a sufficient amount of energy is impar ted  to a typical e lectron s o  
that  it will,  on the ave rage ,  generate m o r e  than one secondary  upon coll ision 
with the opposite wall of the tube. 
which can  produce e lec t ron  gain. 

Thus, a cascading action is instigated 

F o r  this proposal  Bendix chose a channel measur ing  d = 0.  018 inch 
inside d i a m e t e r  and 1 = 0 .9  inch in length. The res i s tance  of the channel is 
approximate ly  1010 ohms ;  therefore ,  a s t r i p  c u r r e n t  of about 2 x 
m a y  be real ized a t  2000 volts.  ampere  m a y  
be obtained before  c u r r e n t  saturat ion is noticed. 

a m p e r e  
Output cu r ren t s  u p  to  about 

Photocathode (Reference A-1 and A-3) 

A semi t r anspa ren t  photocathode consisting of a thin.fi lm of antimony 
with ces ium deposited on the optically t r ea t ed  face of the tube will be used.  
Its cha rac t e r i s t i c s  will be s imi l a r  to S-11, which is tabulated in Table A-2. 
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OPTICAL AXIS w 
> S T - -  OPTICAL FOCAL PLANE ,a m :  !: DEFLECTION COIL (SHAPED) ELECTROSTATIC LENS 

I I I 1 1 1  

APERTURE PLATE - PHOTOELECTRONS 

hd, ! , A t -  - ELECTRON FOCAL PLANE 

ELECTRON MULTIPLIER 

-7 COLLECTER (OUTPUT) 

L-OTO VIDEO AMPLIFIER 

Figure  A-  1 .  Photodetector  Schematic  Diagram 

1 

2000 v 

ENLARGED VIEW OF 
ELECTRON TRAJECTORY 

Figure  A . - 2 .  Channel E lec t ron  Multiplier 
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TABLE A-2. S-11 PHOTOEMISSIVE CIiARAC'1'ERISTICS (CsSbO) 

~ Relative spec t r a l  se  si t ivity,  
1 S/SmaX ve r sus  i ,  w . * 

Radiant sensit ivity a t  peak, Smax: 0. 05 '9 t ~ .  watt 
0 

Wavelength at peak, 1 max: 4400 A 

Luminous s ens itivity : 70 'amp (cal ibrated with 2870° K lumen color t e m p e r a t u r e  
tungsten l i m p )  

Typical da rk  cur ren t  emission:  to amp/c rn2  a t  25OC 

10 percent  response points: 
0 

3200 to 6200 A 

0 .62  0 .9  0.99 0 .85  0 .58  0 . 2  0 . 0 1  

Window: 

A ,  I3000 3500 4000 4500 5000 5500 6000 6500 

Visible light t ransmit t ing;  l ime glass  
o r  Kovar sealing borosi l icate  g l a s s  

STAR FIELD NEAR POLARIS (REFERENCE A-2 AND A-5) 

In o r d e r  to examine possible methods of discr iminat ion among the 
s t a r s  that  m a y  appear  in the 5-degree s t a r  field with Po la r i s ,  a selected s t a r  
catalog whose locations a r e  within 6 degrees  declination of the north ce les t ia l  
pole a r e  given in Table A-3. 
var iable  s t a r  whose magnitude var ies  f r o m  2. 08 to 2 .17 with a period of 
pulsation of 3.97 days.  Thus, for  design purposes  the output signal-to-noise 
ra t io  of the photodetector should be based on the magnitude value of 2. 17. A 
study of Table A-3 shows that except fo r  Po la r i s  t he re  a r e  no magnitude 2 o r  
3 stars in this region. The next brightest  star is !; U r s a  Minor which is 
m o r e  than 2 magnitude numbers  "dimmer" than Polar i s .  Since the Bendix 
photodetector is  designed for  use  with magnitude 3 s t a r s  o r  br ighter ,  a d is -  
c r imina t ion  technique based  only on  s t a r  br ightness  appears  feasible.  The 
video content of the scanned s t a r  field re ferenced  to the sunline can be t e l em-  
e t e r e d  to  the ground control  station and displayed on a multimode (select ive 
e r a s u r e )  s torage  tube. Po la r i s  can be identified by inspection o r  by c o m p a r -  
ison with some  prede termined  video level .  A n  attitude e r r o r  s ignal  m a y  then 
be generated by compar ison  with a superposed s t a r  f ield pat tern (direct ly  on 
the mult imode s torage  tube face) ,  which is dr iven by the loca l  sun  ephemer i s  

It should be noted that Polar i s  is a Cepheid 
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a t  the satel l i te  longitude (with propagation delays cal ibrated out).  Alternatively, 
selection and location of Po la r i s  relative to the optical axis  may be made 
aboard  the satel l i te  and only the location data  need be te le inetered.  Attitude 
e r r o r  signals m a y  then be de te rmined  by comparing the m e a s u r e d  data  with a 
computed location der ived from sun position and the right ascension and decl i -  
nation of Polar i s .  The f o r m e r  approach, however ,  would reduce the ex t r a  
on-board electronics  needed for s t a r  location a t  the modera te  expense of addi- 
tional te lemeter ing bandwidth. 

SCANNING METHODS (REFERENCE A-1) 

Linear  Ras te r  Scan 

In an  at tempt  to attain precis ion pointing ( 9  seconds of a r c )  within 
a 5-degree f ie ld  of view Bendix employs a coa r se  s c a n  with low pointing 
a c c u r a c y  (0.  25 degree) ,  which is switched to a fine resolution s c a n  a f te r  the 
t a rge t  image has  been positioned to within the l imi t  of resolution of the 
c o a r s e  scan .  
t e r  in  which a n  instantaneous field of view of 30 minutes  of arc is swept over  
the 5-degree image field in 1 / 2 5  second. A 50-percent overlap is employed 
so  that the image m a y  be positioned to  within 15  minutes  of a r c  of the center  
of the field. When this occurs ,  the coa r se  scan  is electronical ly  switched t o  
a small c r o s s  scan  having a n  amplitude of 45 minutes  of a r c  along x and y 
a x e s ,  cen tered  at the origin. 
field of view ( f rom the x and y portions of the c r o s s  scan)  at the center  and 
an  additional nonoverlapped 15  by 30 minutes extended along each  axis, which 
i s  not used  in the data  processing.  

The proposed scanning sys t em s t a r t s  with a coa r se  l inear  ras- 

This produces a 30- by 30-minute overlapped 

Since, fo r  the present  Syncom application it i s  not n e c e s s a r y  to  attain a 
pointing a c c u r a c y  much be t te r  than 0. 25 degree and a l so ,  since it is des i red  
to point the optical  axis  para l le l  to the north ce les t ia l  pole and not direct ly  at 
Po la r i s  ( ,-0. 9 degree f r o m  pole),  the fine scan  mode will not be considered 
at  this t ime.  

PPI Scan 

Because of the advantages of using the rotational motion of the spinning 
sa te l l i t e  to simplify the on-board sweep c i rcu i t ry  to one channel, a PPI s c a n  
sugges ts  i tself .  
mechanica l ly  cause a l i nea r ,  single c h a n n e l  scan  line (passing through the 
optical  ax is )  to  sweep through the s t a r  f ield in  TT radians.  
for  a sp in  speed, Ws, is then 

Here  the satel l i te  spin angle re ferenced  to  the sun line will 

The f r a m e  t ime 

lT 3. 14 
W % 10 .5  F r a m e  T ime  = - - = 0. 3 second. 
S 
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However, the geometry  yielding the spin angle location of a s t a r  m a y  
lead to some excessive spin angle ambiguity due to the apparent  angular 
broadening ( in  the spin angle direction) of a star image located n e a r  the opt i -  
ca l  ax is .  This i s  caused by the constant thickness of the scan  l ine.  
example,  consider a 5-degree field of view focused on a photocathode with 
d iameter  2 ro. To cover adequately the per iphery  of the field with a 0. 5-  
degree line scan  thickness using 50-percent overlap to yield a resolution e l e -  
ment  of 0. 25 degree ,  the equivalent spot s ize  h~ 
photocathode will be approximately 

F o r  

a t  the per iphery of the 

2 ro = 0 . 1  ro 0. 25 degree 
5 degrees  66 r 

The spin angle subtended by this spot s ize  a t  any other distance r < r o  f r o m  
the tube center  will be of the o rde r  

r 66 0 - 0 . 1  - r r 
- -  

If a s t a r  image is located a distance r = r / 5  f r o m  the tube center  (equiva- 
lent to a s t a r  located 1 degree f r o m  the optical  ax i s ,  e. g. , Pola r i s ,  when the 
optical axis is a lmos t  para l le l  to ce les t ia l  pole) ,  the spin angle subtended by 
the s t a r  image becomes ( a f t e r  five success ive  PPI line s c a n s )  

Q 

r O  

rO  

- = ( 0 . 1 ) ( 5 ) -  = 0. 5 radian = 28. 7 degrees  
r 

Although this integration effect  of the PPI mode enhances the s ignal-  
to-noise ratio for  s t a r s  nea r  the optical  axis, some  processing (such as image 
bisecting via angle gating of image a r c )  will be des i rab le  a f t e r  ini t ia l  detection 
by the ground control equipment to faci l i ta te  the t iming of precess ion  torque 
pulse directions with r e spec t  to the sun  l ine.  

SOME SCAN FREQUENCY AND BANDWIDTH REQUIREMENTS 

Linear  Raster  Scan 

Scanning through a field 8 = 5 degrees  at a f r a m e  ra t e  of 25 f r a m e s  
per  second with a line resolution of 60 
fscan,  is given by 

= 0. 25 degree ,  the scan  frequency, 
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- 6 8  - ? e  - ' 7  - 1 
scan  angle scan ra te  8 f r a m e  r a t e  s can  f 

0.25 degree = 0 . 0 0 2  second - - 
5 degrees / f r ame  2 5  f r ames / second  

scan  f 500 cps 

F o r  a l inear  sawtooth scan  voltage waveform with fly-back t ime,  
7fb<c s c a  , the ra te ,  58 / E t ,  at which a resolution e lement  is scanned 
through may%e approximated by 

so that the bandwidth requi rement  A becomes 

2 f scan  2 
- - 1 e - 8 f  s c a n  

b t  
- - 

g e  angle scan  r a t e  f r a m e  ra t e  scan  
A f  x 

= 10 kc - (500)2 
-25 

PPI Scan 

Using the c r i t e r i a  developed ea r l i e r  for  per iphera l  coverage  of the 
field of view, namely,  fo r  a cathode radius  
resolut ion e lement  50 

ro, a field of view 8 , and 

& - 30 - 0.25  degree --- e 5 degrees  
0 

2 r  

the s c a n  frequency fscan requi red  for  a satel l i te  spinning at a r a t e  
os I 13.  1 r a d j s e c  is (nominally w = 10. 5 r a d / s e c )  

- / - -  13. '  - 131 cps - W S  - 
scan  h E / r o  0 .  1 f 
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As before ,  the bandwidth may  be de te rmined  f r o m  the r a t e  /L t 
a t  which a resolut ion e lement  is scanned through, i. e . ,  

2 
1 2 r o  e f s c a n  . 2(131)2  

- 5  ’ = 2600 cps  - - A x  - - - t 
13. 1 

S 
6t 

Compared with the l i nea r  r a s t e r  s c a n  values  the re la t ive ly  lower fscan 
and A f  f o r  the PPI scan  is obviously due t o  the inherent ly  lower nominal  
f r a m e  r a t e  of 3 . 3  f r a m e s  per  second as opposed to 25 f r a m e s  pe r  second f o r  
the r a s t e r  scan.  Other  s can  geometr ies  and r a t e s  should be investigated.  

SIGNAL-TO-NOISE RATIO CONSIDERATIONS (REFERENCE A- 1) 

The rrns s ignal- to-noise  r a t io  produced in the c u r r e n t  de l ivered  t o  the 
video amplif ier  a f te r  passing through the mul t ip l ie r  channel is c la imed to be 
independent of the assumpt ion  of ene rgy  dis t r ibut ion of the cathode e l ec t rons .  
F o r  low, dark  c u r r e n t s  ( s e e  Table A-2) and threshold  s igna l s ,  the theory  of 
the shot effect in  the absence of space  change i s  applicable to de te rmine  the 
noise levels  l imiting the information content of the signal.  On this  bas i s  the 
c u r r e n t  signal-to-noise ra t io  is given by 

where 

m = as t ronomica l  magnitude of s t a r  whose image is cons idered  
I 2. 17 for Po la r i s  

d = diameter  of objective l ens ,  c m  

S = sensi t ivi ty  of the photocathode, p a m p /  p watt 
= 0 . 0 5  p a m p j p w a t t  for S-11 ( s e e  Table A-2)  

Af = bandwidth of s igna l  cons idered  
= 

5 2. 6 kc for  P P I  s c a n  

10 kc fo r  l i nea r  r a s t e r  s c a n  proposed by Bendix 

G = gain pe r  e lec t ron  coll ision with channel  wal l  

= 2 f o r  Bendix proposed design 

I 

I 
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Substituting values for  m,  S ,  and G and rear ranging  to solve for  d gives 

d s  

Using 
tive lens  diameter  becomes  

t f  = 10 kc ( r a s t e r  scan)  and a des i red  (is/in) ~ 2 ,  the required objec- 

= ( 4 . 4 6 ) ( 0 . 4 4 8 ) ( 2 )  = 4 c m  

L 

5 x 
= 1.575 

4 . 4 6  (2 )  

Af = 10 kc 

Ls f = 2. 6 kc = 0 . 8  inch 

F o r  d f  = 2 . 6  kc (PPI scan)  and (is/in) ? 2 

These values for  d indicate the feasibil i ty of using the Bendix photodetector 
and channel amplif ier  design to detect  and display Po la r i s  with reasonably 
s ized opt ics .  

PHYSICAL PLACEMENT AND ENVIRONMENTAL CONSIDERATIONS 

No knowledge i s  yet available on the vibration and s teady-state  load 
factor  l imi t s  of this device.  A recommendat ion that can  be made a t  this t ime 
is  to qualify the device i n  the s a m e  way as a n  existing, physically similar 
Syncom component,  e .  g . ,  the traveling-wave tube. To minimize the possible 
degrading effect of the s teady-state  spin load factor ,  the optical axis  may  be 
placed (para l le l  to the spin ax is )  a t  a rad ia l  distance f r o m  the spin ax is  that 
j u s t  ba re ly  prevents  the 5-degree field of view f r o m  being obstructed by the 
antenna s t ruc tu re  nea r  the spin axis .  
r e c e s s e d  below the satel l i te  su r f ace  s t ruc ture  to take advantage of spacecraf t  
t e m p e r a t u r e  control  and to minimize possible lens  contamination by propel l -  
ant  exhaust products.  
d i r ec t  sunlight (where ecliptic i s  north of equator).  

The objective lens  may be slightly 

Similar  comments apply for shading the lens  f r o m  
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ATTITUDE REFERENCE FOR THIRD-STAGE THRUST ALIGNMENT 

A launch window study is suggested to de te rmine  how often the field 
of view of the photodetector will  contain the sun j u s t  p r i o r  to third-s tage igni-  
tion. If this direct-sunl ight  i n t e rva l  does not cons t ra in  the possible launch 
in t e rva l  too severe ly ,  a p r i o r i  knowledge of the s t a r  field (associated with the 
preignition attitude of the third s tage)  may  be used to finely align the third-  
s tage th rus t  a x i s ,  result ing i n  a lower e r r o r  res idua l  of the final o rb i t  as 
indicated in Reference A-6. In Advanced Syncom, for  example,  the out-of- 
plane 6 V i  and in-plane 6 
6 8 2 degrees ,  will be reduced f r o m  nominally 

V s  velocity res iduals  due to  th rus t  att i tude e r r o r ,  

to about 

for  a 5 8 of about 0 . 2 5  degree  

GENERAL CONCLUSIONS 

The foregoing brief examination indicates  tha t  

1 )  It is  feasible to adapt  the Bendix photodetector fo r  use  i n  Syncom 
I1 to locate P o l a r i s  with reasonably s ized  opt ics .  

2) Attitude e r r o r  m a y  be determined f r o m  the te lemetered  video 
content of the s t a r  field when compared  with a p r i o r i  ephemer ides  
of P o l a r i s  and local sun. 

3 )  A PPI scan  geometry  appea r s  to r equ i r e  the s imples t  sa te l l i t e -  
borne sweep c i r cu i t ry .  

4) Ground control  video data process ing ,  d i scr imina t ion ,  and display 
techniques should be fur ther  investigated to fac i l i t a te  timing of 
vernier  control j e t s  at the appropr ia te  spin angle re la t ive to the 
sun line. 

I 
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5) 

- - c o s t  of improving resolution to ,  say ,  0. 1 degree by reducing the 

Fur the r  tradeoffs between instantaneous field of view and band- 
width: r equ i r emen t s  should be made  to de te rmine  the bandwidth 

collecting ape r tu re  a r e a  of the photodetector. 

IMAGE DISSECTOR (NONSTORAGE) TUBE (References A-7, A-8,  and A-9)  

Pr inc ip le  of Operation 

The image  d issec tor  opera tes  on the principle of a n  electron-collecting 
ape r tu re  which is  scanned by a n  electron image  f r o m  a photo-emitting s u r -  
face upon which a n  optical  image  i s  focused. The ape r tu re  col lects  the 
e lec t rons  emitted by the photosensitive m a t e r i a l  of the photocathode. 
e lec t ron  s t r e a m s  forming the e lec t ron  image f r o m  the photocathode a r e  
caused to move pas t  the ape r tu re  by externally applied magnet ic  deflection 
fields.  
stage of a n  electron mult ipl ier  and subsequently amplified by secondary 
multiplication to a sufficiently high level to develop a signal appreciably 
higher than the noise generated in  the following (conventional) video amplif ier  
stage.  

The 

The e lec t rons  collected by the ape r tu re  a r e  introduced into the f i r s t  

The s t r e a m s  of e lectrons emitted by the photocathode of the image 
d issec tor  a r e  brought to a focus on a plane passing through the mult ipl ier  
a p e r t u r e  and perpendicular to the axis of the tube. 
the action of an  axial  magnet ic  focusing field and the e l ec t r i ca l  field produced 
by the acce le ra to r  r ings.  Therefore ,  a s  the en t i re  r a s t e r  is  deflected a c r o s s  
the mult ipl ier  ape r tu re ,  the ape r tu re  intercepts  the sharp ly  focused s t r e a m  
of e lec t rons  produced by each illuminated a r e a ,  and t rans la tes  the light image  
into a s t r e a m  of e lectrons forming the video signal information. 
i l lus t ra ted  by Figure  A-3. 

This i s  accomplished by 

This i s  

ODtical InDut Arrangement  and P a r a m e t e r s  

The useful  a r e a  of the commerc ia l  image-d issec tor  photocathode i s  a 
c i r c l e  of 2 ,  75-inch d i ame te r ,  permitt ing the use of a scanned a r e a  of 2. 2 by 
1.  65 inches .  The light f r o m  the scene to  be televised is  focused direct ly  on 
the photocathode, which is  deposited directly on the inside of the faceplate of 
the image  d issec tor .  The lens  should be designed to cover this a r e a ,  since 
the resolut ion va r i e s  d i rec t ly  with the s ize  of the image  used o n  the photo- 
sur face .  

E l e c t r i c a l  Ar rangemen t s  and Pe r fo rmance  Charac te r i s t i c s  

Resolution: The resolution of the image d issec tor  is  de te rmined  by 
the a p e r t u r e  s ize  of the collector and the magnification of the image  f rom the 
photocathode to the plane on which the image  is focused. 
F igure  A-4 give the resolution of the tube a s  a function of the ape r tu re  s i ze  
( s q u a r e  ape r tu re )  for  a n  image  magnification of one. 

The curves  of 

F o r  different 
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magnifications to the line numbers  a r e  multiplied by the magnification ratio.  
This curve  gives the response  of the tube to a square-wave tes t  pat tern in  
t e r m s  of peak signal amplitude and television line number.  

Image d i s sec to r s  a r e  made  to the specifications of the cus tomer  with 
r e spec t  to the s ize  of the ape r tu re ,  which ult imately controls  the sensit ivity 
and the resolving capabili t ies.  
picture  with a given illumination va r i e s  a s  the square  root  of the ape r tu re  
a r e a  o r  d i rec t ly  with the ape r tu re  width. 
the width of the collecting ape r tu re .  

The signal-to-noise ra t io  of the reproduced 

The resolution v a r i e s  inverse ly  a s  

The signal-to-noise ra t io  of the signal developed can be expressed  as  

peak signal 
r m s  noise c u r r e n t  

where  

S = photosensitivity of photosurfaces,  a m p e r e s  pe r  lumen 

L = light intensi ty ,  foot-candles (on photosurface) 

a = ape r tu re  a r e a ,  square  feet 

m = l inear  magnification of image within tube 

R .  = secondary-emission ra t io  of f i r s t  mult ipl ier  dynode 

e = electron charge 

f = bandwidth, cps  

The scene illumination necessary  to produce this illumination on the 
photocathode of the tube can  be determined by the following relationship 

4f2L I = -  
S TR 

where  

I = scene i l lumination, foot-candles 
S 

f = effective ape r tu re  of lens 

T = t ransmiss ion  fac tor  of lens 

R = highlight reflectance of scene 

L = illujmination of photocathode 
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Light T r a n s f e r  Charac te r i s t ics :  The signal output is  direct ly  propor  - 
tional to the input light fo r  all s ignal  levels below the point where the final 
s tages  of the mult ipl ier  saturate .  
use of 1)  var iable  potentials on the mult ipl ier  s t ages ,  o r  2) a controlled 
multiplier s tage to control  the overa l l  amplification of the mult ipl ier .  
low-resolution sys t ems  ( that  i s ,  sys t ems  employing l a rge  a p e r t u r e s )  the 
signal output wil l  be l inear  up to the point where  peak signal cu r ren t s  approach 
5 mi l l i amperes ,  a t  which point the l a s t  dynode stage tends to sa tu ra t e .  When 
high photocurrents a r e  drawn f r o m  the photocathode, i n  high-resolution tubes 
where  high light levels a r e  necessa ry  to  achieve the proper  signal-to-noise 
ra t io ,  saturat ion of the mult ipl ier  o r  lack of conductivity of the photosurface 
m a y  d i s to r t  the picture  and a l t e r  the light t r a n s f e r  c h a r a c t e r i s t i c s ,  

Saturation can  be guarded against  by the 

F o r  

Output Impedance: The mult ipl ier  of the image  d issec tor  can be con-  
s idered  to be a constant cu r ren t  genera tor  with a ve ry  high value of shunt 
impedance. 
f a r a d s .  Sufficient gain i s  obtained in  the mult ipl ier  to pe rmi t  the use of a 
low value of load impedance. 
a peaking stage.  

The capacity to  ground of the mult ipl ier  i tself  i s  10 mic romic ro -  

The re fo re ,  the signal need not be co r rec t ed  by 
The output signal can be de te rmined  by 

SLaRZ 
2 I -  

O m 

where  

S = sensit ivity of photosurface,  a m p e r e s  p e r  lumen 

L = i l lumination of su r face ,  foot-candles 

a = ape r tu re  area 

z = number of s tages  

R = mult ipl ier  stage gain 

m = magnification f r o m  photocathode to  a p e r t u r e  

Black-level Setting: Absence of s ignal  f r o m  the image  d i s sec to r  
r ep resen t s  black level .  Black-level sett ing can  b e s t  be achieved by shunting - v 

the output e lectrode to ground during the r e t r a c e  in t e rva l ,  producing a z e r o  
output voltage, which r ep resen t s  black signal.  A n  appropr ia te  blanking s ig -  
na l  is  a l s o  inser ted  a t  this point to fix the blanking l eve l  with r e spec t  to the 
black- level  information of the picture .  

Multiplier Gain: The average  s tage gain of the mult ipl ier  is a function 
of the voltage applied a c r o s s  the s tages .  
2 .  5 fo r  100 volts pe r  s tage and 4 for  200 vol ts  p e r  s tage.  The usual  number 
of multiplier s tages  is 11. 

This  v a r i e s  between approximately 
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Auxiliarv Ci rcu i t s  

Focus  Coil: The use  of a long-focus solenoid reduces  the geometr ic  
dis tor t ion of the picture  and produces unity magnification. 
f ie ld  s t rength requi red  i s  20 gauss .  

The average  

Deflection Coils: The deflection coi ls  located adjacent  to the tube and 
under  the focus coi l  produce a c r o s s  component of deflection field in  the o r d e r  
of 4 gauss  for  full  deflection. 

Focusing Electrodes:  
r ings  along the path of the e lec t ron  image produce a uniform acce lera t ing  
field for  the e lec t ron  image.  
t e rmina l s  on the per iphery of the faceplate. E a c h  of these r ings is main-  
tained approximately 100 volts positive with respec t  to the preceding one. 
The anode of the tube is  maintained a t  ground potential and the photocathode 
at approximate ly  -2000 volts,  while the ape r tu re  of the mult ipl ier  is  main-  
tained at approximate ly  -1400 volts. 

Focusing e lec t rodes  consisting of a s e r i e s  of 

Connection to these e lec t rodes  is made  through 
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